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Means for detecting and treating pathologies linked to FGFR3 

5 

The invention relates to means, i.e. method and drugs, for detecting and 
treating, respectively, pathologies linked to FGFR3 and/or to the FGFR3 pathway. 

Fibroblast growth factor receptor 3 (FGFR3) belongs to a family of 
10 structurally related tyrosine kinase receptors (FGFRs 1-4) encoded by four different 

genes. These receptors are glycoproteins composed of two to three extracellular / 
immunoglobulin (Ig)-like domains, a transmembrane domain and a split tyrosine-kinase 
domain. Alternative mRNA splicing results in many different receptors variants. 
Isoforms FGFR3-IIIb and FGFR3-IIIc result from a mutually exclusive splicing event in 
15 which the second half of the juxtamembrane Ig-like domain is encoded either by the 1 5 1 
nucleotides long exon 8 (Illb variant) or the 145 nucleotides long exon 9 (IIIc variant). 

Specific point mutations in the FGFR3 gene which affect different 
domains of the protein are associated with autosomal dominant human skeletal disorders 
such as hypochondroplasia, achondroplasia, severe achondroplasia with developmental 
20 delay and acanthosis nigricans and thanatophoric dysplasia. Several reports have 
demonstrated that these mutations lead to constitutive activation of the receptor. Taking 
into account this result, together with the skeletal overgrowth observed in mice 
homozygous for null alleles of Fgfr3, FGFR3 appears as a negative regulator of bone 
growth. 

25 In contrast with this inhibitory role, an oncogenic role has been proposed 

for FGFR3 in multiple myeloma (MM) development. In this malignant proliferation of 
plasma cells, a t(4;14)(pl6.3;q32.3) chromosomal translocation with breakpoints located 
50 to 100 Kb centromeric to FGFR3 is present in 20-25% of the cases and is associated 
with overexpression of FGFR3. 

30 In very rare cases (2 out of 12 MM cell lines and 1 out of 85 primary MM 

tumours), activating mutations of FGFR3 previously identified in human skeletal 
disorders have been found, but always accompanied by the t(4;14)(pl6.3;q32.3) 
translocation. 

By investigating various cancers, the inventors have surprisingly found a 
35 role for FGFR3 in solid tumours, in particular in cancers originating from epithelial 
tissues, carcinomas. 

The involvement of FGFR3 in such solid tumour development is linked 
to a constitutional activation : it may be activated by an autocrinal loop (ligand self- 
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production) and/or by activating mutations in FGFR3. Surprisingly, such mutations are 
found in primary tumours and are somatic mutations (genomic DNA mutations). 

So far, the only FGFR3 isoform which has been identified in epithelium 
is the FGFR3-IIIb isoform. 

The invention thus relates to a method and kits for detecting such 

pathologies. 

According to another aspect, the invention also relates to drugs capable 
of treating such pathologies. 

According to still another aspect, it relates to transgenic animals enabling 
the efficiency of such drugs to be tested as well as to cell lines transfected with the 
different forms of FGFR3 (useful in vitro and in vivo). 

The method of the invention for detecting carcinomas in a biological 
sample comprises identifying FGFR3 mutations. 

Standard methods can apply for such an identification such as 
immunohistochemistry, or detection of the corresponding RNA, DNA, and encoded 
protein contained in said sample, particularly after extraction thereof. A common way 
for such a detection comprises amplifying by PCR, RT-PCR or RT-PCR SSCP (single 
strand conformation polymorphism) with FGFR3 specific primers and revealing the 
amplification products according to the usual methods. A corresponding embodiment is 
exemplified in the examples given hereinafter. Another common way comprises the use 
of antibodies and the detection of the antigen-antibody reaction with appropriate 
labelling. 

The activating function of a mutation can be determined by observation 
. of activating signals such as receptor phosphorylation, cell proliferation (e.g. thymidine 
incorporation) or indirect effects such as calcium influx, phosphorylation of target 
sequences. 

More particularly, said identification comprises screening for single 
nucleotide mutation(s) in the genomic DNA and/or its products, i.e. RNA, protein, the 
term "product" also encompassing cDNA. 

Particularly, said method comprises screening for mutations creating 
cysteine residues in the extracellular or transmembrane domains of the receptor. 

Alternatively, or in combination with the foregoing embodiment, it 
comprises screening for mutations resulting in at least one amino-acid substitution in the 
kinase domain of the receptor. 

It particularly comprises screening of activating mutation(s) of FGFR3, 
notably such as above-described. 

More particularly, the method of the invention comprises screening for 
mutation(s) in exon 7, encoding the junction between immunoglobulin-like domains II 
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and III of FGFR3, in exon 10, encoding the transmembrane domain, in exon 15, 
encoding the tyrosine kinase domain I, and/or in the exon encoding the C-terminal part. 

Advantageously, the method of the invention comprises screening for 
missense mutations such as implicated in thanatophoric dysplasia, NSC, achondroplasia, 
5 saddan, or hypochondroplasia. 

Such FGFR3 mutations notably comprise R248C, S249C, G372C, 
S373C, Y375C, K652E, K652M, J809G, J809C, J809R, J809L, P250R, G377C, 
G382R, A393E, N542K (codons are numbered according to FGFR3-IIIb cDNA open 
reading frame). 

jo The following FGFR3 mutations will be particularly identified : R248C, 

S249C, G372C, K652E and Y375C. 

Said biological sample used in the method of the invention will 
advantageously comprise a tissue, bone marrow, or a fluid such as blood, urine, deriving 
from a warm-blooded animal, and more especially from a human. 

15 Said method is particularly useful for detecting carcinomas, such as 

human bladder and cervix carcinomas. A major issue in superficial bladder cancer is to 
distinguish rumours which will progress from those which will not. Insights into the 
genetic and epigenetic alterations involved in bladder cancer is expected to provide 
useful information to facilitate this distinction. In that .respect, the invention provides 

20 means to resolve the dilemma between a bladder-sparing strategy versus cystectomy and 
will contribute to a more individualised intravesical instillation and endoscopic 
monitoring policy. 

Indeed, as shown by the results given in the examples, FCFR3 appears to 
be a major oncongene in Ta, Tl bladder carcinomas. The FGFR3 mutations appear to be 

25 frequently associated with tumours that do not progress. Multivariate analysis showed 
that FGFR3 mutation status remained a statistically significant predictor of good 
outcome. FGFR3 mutations thus provide clear-cut information, which may complement 
stage and grade. The use of these mutations alone and/or in combination with other 
predictors of tumour aggressiveness will then provide relevant prognostic information. 

30 Said method, will also be used for detecting for example lung, breast, 

colon, skin cancers. 

The method of detection according to the invention applies to the 
diagnostic of carcinomas, as well to the prognosis, or the follow-up of the efficiency of 
a therapy. 

35 Said method will advantageously be performed by using kits comprising 

the appropriate reagents and a notice of use. 

According to another aspect, the invention relates to drugs having an 
anti-proliferative effect on carcinoma cells. Such drugs comprise,, as active principle(s) 
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agent(s) which act by inhibition of FGFR3 DNA synthesis or by inhibition of its 
expression products (RNA, proteins). Particularly, such drugs contain tyrosine kinase 
inhibitors specific for FGFR3. 

Other appropriate inhibitors comprise antibodies directed against FGFR3, 
5 and particularly against at least one extracellular Ig-like domain thereof. 
Advantageously said antibodies are specific for FGFR3-IIIb. Preferred antibodies are 
monoclonal ones, and particularly antibodies modified so that they do not induce 
immunogenic reactions in a human body (e.g. humanized antibodies). 

Other appropriate inhibitors comprise antisens oligonucleotides directed 
10 against a wild or mutated FGFR3 isoform. 

The administration and the posology of said inhibitors will be determined 
by the one skilled in the art depending on the carcinoma to be treated, the weight and 
age of the patient. For example, antibodies will be administered by the injectable route. 

The invention thus gives means of great interest for detecting and treating 
15 carcinomas, taking into account the fact that cancers originating from epithelial tissues 
(carcinomas) represent approximately 90 % of malignant neoplasms. 

The invention also relates to cell lines capable of expressing FGFR3 
mutated forms. Particularly, the invention relates to FGFR3 S249C mutated forms. T24 
cell lines constitutively expressing FGFR3 S249C mutated forms and HeLa cell lines 
20 expressing FGFR3 S249C mutated forms in an inducible manner have thus been 
obtained (for example see ref.(6)). 

By injecting such cell lines to nude mice, an increased tumorigenicity 

was observed. 

According to the invention, such cell lines are useful in vitro (follow up 
25 of the receptor phosphorylation) or in vivo (examination of the tumorigenicity of nude 
mice) to study the inhibitor effect against FGFR3. 

Cell lines transfected with FGFR2, FGFR1 or FGFR4 are particularly 
useful for studying the specificity of inhibitors to be tested. 

According to still another object, the invention relates to constructions 
30 capable of expressing by transgenesis a FGFR3 mutated form in epitheliums and the 
transgenic animals thus obtained which are characterized by the fact that they comprise 
such constructions. 

Examples of constructions intended for injection in animal germinal cells 
comprise a keratin promoter, particularly keratin 14 promoter and cDNA of mutated 
35 FGFR3. 
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Other advantages and characteristics of the invention will be given in the 
following examples wherein it will be referred to 

- figures 1A - IB which give FGFR3-IIIb gene activating mutations in 
primary tumours, 

5 - figures 2 A - 2E which refer to FGFR3-IIIb wild (2 A) and mutated pro- 

oncogenic (2B-2T) sequences. It will be noted that the sequences of figures 2B to 2T, as 
such, enter into the scope of the invention. There may be silent polymorphisms all along 
the sequence, so there may be in fact several possible sequences for each mutant, and 
- figures 3a and 3b which respectively represent a) Kaplan-Meier progression-free 
10 survival curves according to FGFR3 mutations (dotted line: mutated FGFR3, solid line: 
non-mutated FGFR3; log rank test p=0.014) ; b) Kaplan-Meier disease-specific survival 
curves according to FGFR3 mutations (dotted line: mutated FGFR3, solid line: non- 
mutated FGFR3; log rank test p=0.007) 

15 Example 1 : FGFR3 gene mutations in bladder and cervix carcinomas 

FGFR3-IIIb and FGFR3-Illc transcript levels were examined by reverse 
transcription-polymerase chain reaction (RT-PCR) in 76 primary bladder carcinomas 
and 29 primary invasive cervical carcinomas. 

FGFR3-IIIb, the sole isoform to be significantly expressed, was detected 
20 in 72 out of 76 (94%) bladder carcinomas and 27 out of 29 (93%) cervical carcinomas. 

A PCR-SSCP analysis was then conducted on both reverse transcribed 
RNA and genomic DNA to screen for FGFR3 coding sequence variants in 26 bladder 
and 12 cervix cancers expressing the gene. The results are illustrated in figures la and 
lb which gives the identification of FGFR3 gene mutations in human carcinomas : 
25 - a: gives the identification of somatic mutations by direct sequencing of 

PCR products. Normal constitutional DNA ; Tumour, rumour DNA. 

- b: gives FGFR3 mutations associated with squeletal disorders and 

cancers. 

The schematic structure of FGFR3 is depicted (Ig I-III, immunoglobulin 
30 like domains ; TM, transmembrane domain ; TK-1 and -2, tyrosine kinase domains) and 
the locations of the known human missense mutations associated with thanatophoric 
dysplasia (TD) and severe achondroplasia (SADDAN), bladder and cervix carcinomas 
(care.) and multiple myeloma (MM) are indicated. Usual amino acid abbreviations are 
used to point out the mutation found in each pathological situation. The mutations at 
35 codon 807 incriminated in TD replaces a Stop codon (J) by an amino acid (G, C, R or L) 
and the mRNA thus continues to be translated until another in-frame Stop codon is 
reached 423 nucleotides downstream thus leading to a 141 amino acid longer protein. 
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Abnormally migrating bands were observed for certain samples (Fig. 1 a) 
and direct sequencing of PCR products revealed single nucleotide substitutions in 9 out 
26 bladder carcinomas (35 %) and 3 out of 12 (25 %) cervix carcinomas (Fig. lb and 
table 1). 

5 Table 1 



Summary of FGFR3 gene mutations in primary bladder and cervix cancers 


Sample 


Histopathol. 


Codon 


Nt Position 


Mutation 


Predicted effect 


1447, bladder 


care, Ta G2 


249 


746 


TCC to TGC 


Ser to Cys 


342, bladder 


care, Tla Gl 


249 


746 


TCC to TGC 


Ser to Cys 


813, bladder 


care, Tla Gl 


372 


1114 


GGC to TGC 


Gly to Cys 


1393.1, bladder 


care, Tla G3 


249 


746 


TCC to TGC 


Ser to Cys 


506, bladder 


care, Tib G2 


372 


1114 


GGC to TGC 


Gly to Cys 


1084, bladder 


care, Tib G3 


652 


1954 


AAG to GAG 


Lys to Glu 


745.1, bladder 


care, T2 G3 


248 


742 


CGC to TGC 


Arg to Cys 


1077, bladder 


care, T3 G2 


249 


746 


TCC to TGC 


Ser to Cys 


1210, bladder 


care, T3 G2 


249 


746 


TCC to TGC 


Ser to Cys 


4.13, cervix 


care, stage II 


249 


746 


TCC to TGC 


Ser to Cys 


4.139, cervix 


care, stage II 


249 


746 


TCC to TGC 


Ser to Cys 


6.96.1, cervix 


care, stage II 


249 


746 


TCC to TGC 


Ser to Cys 



Histopathol., histopathological classification of the rumours (care, carcinoma : TNM 
and HUGO classifications are used respectively for bladder and cervix cancers) ; codon 
10 and mutated nucleotide (Nt position) are numbered according to FGFR3-IIIb cDNA 
open reading frame. 

Mutations were found in the following exons 

- exon 7, encoding the junction between immunoglobulin-like domains II 
and III of FGFR3 (one C-to-T transition at codon 248 in patient 745.1 and a C-to-G 

15 substitution at codon 249 in patient 1447) ; 

- exon 10, encoding the transmembrane domain (a G-to-T-transversion at 
codon 372 in patient 813) 

- exon 15, encoding the tyrosine kinase domain II (a A-to-G transition at 
codon 652 in patient 1084). 

20 Analysis of matched constitutional DNA from the patients for which such 

material was available (n=8) demonstrated the somatic nature of these FGFR3 
mutations (Figure 1 ). 

Strikingly, each of the FGFR3 missense mutations identified herein, i.e. 
R248C. S249C. G372C and K.652E. are implicated in thanatophoric dysplasia (TD). 



WO 00/68424 



7 



PCT/EPOO/04591 



Given the presence of two additional amino-acids in the Illb isoform expressed in 
epithelial cancers as compared to the IIIc isoform expressed in bone, the G372C and 
K652E mutations are indeed equivalent to the G370C and K650E mutations responsible 
forTD. 

5 The S249C mutation was the most commonly observed, affecting 5 out 

of 9 (55 %) bladder cancers and all of the cervical cancers (3 out of 3, 100 %) in which 
FGFR3 gene alterations have been identified so far. 

The R248C, S249C and G372/370C mutations create cysteine residues in 
the extracellular or transmembrane domains of the receptor and the K652/650E 
10 mutations results in amino-acid substitution in the kinase domain of the receptor. 
Example 2 : Inhibitors 

A way to test the different FGFR3 inhibitors comprises transfecting cell 
lines so that they express the mutated forms of FGFR3, or wild type FGFR3 or just the 
neomycin or hygromycin resistant gene under the control of a strong promoter, such as 

15 CMV, RSV, SV40 promoters. The tumorigenic properties of these cell lines can then be 
compared in vitro or in vivo in nude mice. The different inhibitors will be tested in vitro 
or in vivo using these different cell lines. Phosphorylation, proliferation or indirect 
effects of FGFR3 such as calcium influx will be measured. Transgenic mice expressing 
in various epithelia the mutated FGFR3 can thus be derived thereof. Those mice 

20 developping tumours are useful tools for testing the efficiency of candidate inhibiting 
drugs. Such transgenic animals fall also into the scope of the present invention. 

Example 3 : FGFR3 mutations in Ta, Tl tumours in bladder cancer. 
Bladder cancer is a disease with a spectrum of forms and is highly 
unpredictable. At the time of initial diagnosis, approximately 80% of patients present 

25 with a superficial tumour. Superficial bladder cancers include carcinoma in situ (Tis), 
Ta and Tl lesions (TNM classification). Ta/Tl lesions are mostly papillary urothelial 
carcinomas: Ta lesions do not invade the basement membrane, whereas Tl lesions 
invade the lamina propria, but do not invade the detrusor muscle of the bladder wall. 
Carcinoma in situ are flat, cytologically high-grade carcinomas, confined to the 

30 urothelium. Primary isolated carcinoma in situ is a very rare entity and is more 
commonly associated with Ta/Tl lesions. Despite transurethral resection alone or 
combined with adjuvant intravesical therapies, more than one half of patients with 
Ta/Tl tumours suffer recurrences. In most cases, recurrences are also superficial, but 
about 5% of Ta and 30-50% of Tl tumours progress in an unpredictable manner to 

35 muscle invasion with a high risk of development of metastases and death from bladder 
cancer. 

The management of superficial bladder cancer is based on 
clinicopathological parameters. Three groups of tumours can be defined, of low, 



WO 00/68424 



8 



PCT/EPOO/04591 



intermediate and high risk, according to their potential for recurrence and progression. 
This classification is used to recommend adjuvant intravesical therapies and bladder 
monitoring, but it is not a sufficiently sensitive discriminant for use in determining the 
appropriate treatment and mode of surveillance for a given patient. Although Bacille 

5 Calmette-Guerin (BCG) therapy appeared to be the most effective regimen for the high- 
risk group, long-term results indicate that progression occurs in 40% by 10 years and in 
more than 50% by 1 5 years. For some researchers, these findings justified the use of up- 
front radical cystectomy in high-risk superficial urothelial carcinomas, despite the risk 
of overtreating a significant number of patients. Follow-up of Ta and Tl superficial 

10 bladder cancers constitutes most of the workload of urologists involved in the 
management of bladder cancer. The current strategy is based on frequent cystoscopic 
evaluations using a schedule that is largely empirical, without considering the individual 
characteristics of the tumour. 

The limitations of the current management of bladder cancer demonstrate 

15 the need for prognostic markers, making possible the use of selective aggressive 
treatments for patients at high risk of progression while sparing low-risk patients from 
unnecessary procedures. A number of chromosomal loci and specific genes have been 
implicated in bladder tumorigenesis. Losses of all or part of chromosome 9 in many 
TaGl rumours suggests that the inactivation of a gene or genes on chromosome 9 may 

20 be an early event in urothelial transformation. The prognostic significance of losses on 
chromosome 9 is unclear. Alterations of the P53 and RB genes controlling the Gl cell 
cycle checkpoint have been clearly delineated and are associated with the 
aggressiveness of superficial and invasive bladder cancers. Despite these recent insights 
into the molecular mechanisms of bladder carcinoma progression, these markers have 

25 not yet had any impact on clinical practice. 

The following assays have been performed to assess the reliability, as 
markers, of the FGFR3 mutations. 

Material and method 

30 Patients and tissue samples 

Seventy four specimens of superficial Ta, Tl bladder carcinomas were 
obtained from 74 patients by transurethral resection performed at the Henri Mondor 
hospital, Creteil, France, from January 1988 to December 1998. Tumours were staged 
according to the TNM classification (1) and graded according to criteria recommended 

35 by the World Health Organisation (2). This series consisted of 25 pTa and 49 pTl 
tumours, with 28 grade Gl, 33 grade G2 and 13 grade G3 tumours. The 64 men and 10 
women had a mean age of 64 years (range: 29 to 94 years). None of the patients had any 
detectable distant metastases at the time of transurethral resection. Patients were treated 
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by transurethral resection (TUR) alone (n=25), TUR followed by mitomycin C 
instillation (n=10) or TUR and BCG (n=39) according to the French Committee for 
Urologic Oncology (CCAFU) recommendations. There was no change in the policy for 
treating superficial bladder cancer during the study period. Progression was defined as 
5 the occurrence of a pT2 or higher stage or appearance of lymph node invasion or 
metastasis or death from cancer. Disease-specific survival curves were plotted using 
death from urothelial cancer as the endpoint. Follow-up was based on systematic 
cystoscopy and cytology, and imaging studies only when indicated. All outpatient visits 
and hospital admissions were recorded in a database from which the study data were 
10 calculated. 

Tumour DNA was extracted from formalin-fixed and paraffin-embedded 
tissue or samples freshly frozen in liquid nitrogen (4). Normal DNA samples from 
peripheral blood were available for 27 patients. 

15 FGFR3 mutation analysis 

Mutations in the FGFR3 gene were detected by SSCP analysis. Exons 7, 
10, 15 and 20 of the FGFR3 gene were analysed because these exons harbour all the 
mutations previously identified in bladder carcinomas and thanatophoric dysplasia. All 
mutations detected by SSCP analysis were confirmed by direct bidirectional sequencing 

20 of tumour genomic DNA. Matched normal DNA, if available, was sequenced on both 
strands to demonstrate the somatic nature of these mutations. 

Statistical methods 

Associations between FGFR3 mutation status and other data (sex, age, 

25 stage and grade) were tested using x and Student's t tests. Progression-free and disease- 
specific survival curves were plotted using Kaplan-Meier estimates. Survival 
distributions were compared using the log-rank test. Cox's proportional hazards 
regression model was used to test the effect of mutations, while simultaneously 
accounting for baseline patient and tumour characteristics. The influence of the 

30 covariates on the FGFR3 mutation effect was assessed in multivariate analysis 
involving a forward stepwise procedure and a backward stepwise procedure, using the 
MPRL (maximum partial likelihood ratio) method. The limit to enter a term was 0.15 
and the limit to remove a term was 0.10. Statistical analyses were performed using 
BMDP® and S-Plus® software. 

35 

Results 

FGFR3 missense mutations were observed in 41 of the 74 (55%) Ta, Tl 
bladder rumours. The FGFR3 mutations found are described in Table 2 below : 
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Table 2 



Number of 
tumours (%) 


Codon* 


nt position* 


Mutation 


Predicted effect 


5 (12%) 


248 


742 


CGC -> TGC 


Arg -> Cys 


28 (68.5%) 


249 


746 


TCC -> TGC 


Ser -> Cys 


5(12%) 


372 


1,114 


GGC -> TGC 


Gly -> Cys 


2 (5%) 


375 


1,124 


TAT -> TGT 


Tyr -> Cys 


1 (2.5%) 


652 


1,954 


AAG -> GAG 


Lys -> Glu 



* codon and mutated nucleotide (nt position) are numbered according to FGFR3-IIIb 
cDNA open reading frame. FGFR3-IIIb is the isoform expressed in epithelial cells. 



S249C was the commonest mutation and was found in 16 of the 21 
(76%) mutated Ta tumours and 12 of the 20 (60%) mutated Tl tumours. Matched 
constitutional DNA, available in 15 of the cases of tumour with mutations, contained 
wild-type sequences, demonstrating the somatic nature of these mutations. 
10 The correlation between sex, age, stage, grade and FGFR3 mutation 

status is given Table 3 : 
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Table 3 



FGFR3 wild FGFR3 mutant p value 

type (x 2 or Student's t 

test) 



Sex 

Male 29 35 

Female 4 6 



Age (years) 

mean 64.30 63.22 

range [29.15-86.10] [34.3-94.4] 



Stage 

Ta 4 21 

71 29 20 0.001 



Grade 

Gl 7 21 

G2 H 19 

G3 12 1 0.0003 



Statistically significant correlations were observed between FGFR3 
mutations and low stage (p=0.001) and low grade (p=0.0003), but not between these 
mutations and age or sex (Table 2). 

With a median follow-up of 4.3 years (range: 6 months to 1 1 years), 3 
patients progressed and one died in the mutated tumour group (n=41 patients) whereas 
ten patients progressed and eight died in the non-mutated tumour group (n=33 patients). 
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The median follow-up was 5.6 years (range: 7 months to 11 years) in the non-mutated 
group and 4. 1 years (range: 6 months to 9 years) in the mutated group. 

To examine FGFR3 mutations as a marker of patient outcome, we 
calculated Kaplan-Meier progression-free survival and disease-specific survival 

5 probability curves for the two groups of patients and examined the differences using the 
log rank test. Progression-free and disease-specific survival indicated that FGFR3 
mutations were associated with a lower risk of progression (p=0.014) and longer 
survival (p=0.007) (Figure 3). We tested several variables (age, sex, stage, grade) but 
only stage was significantly associated with progression and survival in univariate 

10 analysis. If only Tl patients were analysed, the correlation was still significant for 
disease-specific survival (p=0.03) and close to significance for progression-free survival 
(p=0.052). 

Multivariate analysis was used to determine whether the correlation 
between FGFR3 mutation status and progression-free survival or disease-specific 

15 survival was independent of other outcome predictors. For progression-free survival, the 
following covariates were introduced into the Cox model: mutation, stage, grade and 
sex. For disease-specific survival, mutation and grade were the only covariates 
introduced into the model, as no disease-related deaths were observed among female or 
Ta patients. If FGFR3 status was entered into the model, neither stage nor grade 

20 provided any additional prognostic value for tumour progression. In the analysis of 
disease-specific survival, FGFR3 mutation was also the only covariate to be entered into 
the model, as grade did not provide any additional prognostic information. Relative 
risks and their 95% confidence intervals (CI) are shown in Table 4. 



Table 4 




Progression 


Disease-specific Survival 




Relative Risk 95% CI 


Relative Risk 95% CI 


FGFR3 






Wild-type 


1 


1 


Mutant 


0.23 (0.06; 0.83) 


0.10 (0.01; 0.80) 



Other variables do not significantly contribute to the model 



Forward and backward procedures both yielded the same model. 



WO 00/68424 



13 



PCT/EP00/04S9I 



As shown by the above results, the FGFR3 activating mutations were frequent in 
bladder carcinomas. 

All the carcinomas having a mutated receptor expressed said receptor at levels 
similar or above those observed with normal tissues. Immunohistochemical methods 
5 will then advantageously be used for revealing the receptor. 

FGFR3 mutation detection in bladder carcinomas appears to be a good 
pronostic, giving then to the clinicians valuable means for treating and observing 
carcinomas, which represent a medical problem due to the high frequency of 
recurrences. 

10 By using SSCP or PCR coupled to an enzymatic restriction S249C mutation 

specific (which represent 75% of the mutations) on patients having bladder carcinomas 
with S249C mutation, the mutation could be detected in urine in 60% of the cases. 
Example 4: Detection of FGFR3 mutations in patients' urines 
Genomic DNA is extracted from patients' urines and amplified by PCR, 
15 in the presence of 32 P- labelled dCTP, using standard methods. The following primers 
were used for detecting S249C mutation : 

5'-CAG CAC CGC CGT CTG GTT GG-3' and 5'-AGT GGC GGT GGT GGT GAG 
GGA G-3'. 

30 cycles of PCR are performed. 
20 The amplification products are digested by Cac8I. An additional site is created by 
FGFR3 mutation and a corresponding band is observed on an electrophoretic gel. 

Similarly the following primers and enzymes can be used to detect : 

25 R248C mutation : 

Primers : 5'-TGT GCG TCA CTG TAC ACC TTG CAG-3' and 5'-AGT GGC GGT 
GGT GGT GAG GGA G-3' 
Enzyme : Bsi HKA I 

30 K652E mutation : 

Primers : 5'-TGG TGA CCG AGG ACA ACG TGA TG-3' and 5'-AGG GTG TGG 
GAA GGC GGT GTT G-3' 
Enzyme : Bsm A I 

35 G372C mutation : 

Primers : 5'-CCT CAA CGC CCA TGT CTT TTC AGC-3' and 5'-CTT GAG CGG 
GAA GCG GGA GAT CTT G-3' 
Enzyme : Pst I 



WO 00/68424 



14 



PCT/EPOO/04591 



Y375C mutation : 

Primers : 5'-CCT CAA CGC CCA TGT CTT TTC AGC-3' and 5'-CTT GAG CGG 
GAA GCG GGA GAT CTT G-3 1 
Enzyme : Bsg I 
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CLAIMS 

1/ A method for detecting carcinomas in a biological sample, comprising 
5 identifying FGFR3 mutations. 

2/ The method of claim 1, comprising screening for single nucleotide 
mutation(s) in nucleic acids of the group comprising genomic DNA, RNA or cDNA. 

10 3/ The method of claim 1, comprising screening for single mutation(s) in 

proteins. 

4/ The method of claim 1, comprising screening for mutations creating cysteine 
residues in the extracellular or transmembrane domains of the receptor. 

15 

5/ The method of claim 1, comprising screening for mutations resulting in at 
least one amino-acid substitution in the kinase domain of the receptor. 

6/ The method of claim 5, comprising screening of activating mutation(s) of 
20 FGFR3. 

II The method of claim 6, comprising screening of activating mutation(s) of 
FGFR3-IIIb. 

25 8/ The method of claim 1, comprising screening for mutation(s) in the group 

comprising exon 7, encoding the junction between immunoglobulin-like domains II and 
III of FGFR3, exon 10, encoding the transmembrane domain, exon 15, encoding the 
tyrosine kinase domain I, and the exon encoding the C-terminal part. 

30 91 The method of claim 1, comprising screening for missense mutations such as 

implicated in thanatophoric dysplasia, NSC, achondroplasia, SADDAN, or 
hypochondroplasia. 

10/ The method of claim 9, wherein the mutations comprise R248C, S249C, 
35 G372C, S373C, Y375C, K652E, K652M, J809G, J809C, J809R, J809L, P250R, 
G377C, G382R, A393E, N542K. 
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11/ The method of claim 9, comprising screening R248C, S249C, G372C, 
K652E and Y375C mutations. 

12/ The method of claim 1, wherein the biological sample is selected in the 
5 group comprising a tissue, bone marrow, or a body fluid. 

13/ The method of claim 12, wherein said body fluid is selected in the group 
comprising blood, urine from a warm-blooded animal. 

10 14/ The method of claim 13, wherein said body fluid is from a human. 

15/ The method of claim 1 for detecting human bladder and cervix carcinomas. 

16/ The method of claim 1, for detecting lung, breast, colon, skin cancers. 

15 

17/ The pharmaceutical preparations having an anti-proliferative effect on 
carcinoma cells comprising an effective amount of agent(s) which act by inhibition of 
FGFR3 DNA synthesis or by inhibition of its expression products. 

20 18/ The pharmaceutical preparations of claim 17, comprising tyrosine kinase 

inhibitors specific for FGFR3. 

19/ The pharmaceutical preparation of claim 18, comprising antibodies directed 
againstp FGFR3. 

25 . 

20/ The pharmaceutical preparations of claim 17, comprising antisens 
oligonucleotides directed against a wild type or mutated FGFR3 isoform. 



WO 00/68424 



1/22 



PCT/EP00/04591 



FIGURE 1 



Patient 745.1 
(R248C) 

iac \c c qct ccc cocac 



XOLSiSj GCT CCC COCAC 

Tumour | i 



Patient 1447 
(S249C) 



AQSKCOCTCCCCOCAC 

Tumour . Vi'V^ " 



Patient 813 
(G372C) 

QACCAGC CCCOCACIOTC 

Normal ,VV.,. v ,i ,\ ,."'•>..> A A 



Patient 1084 
(K652E) 

T ACT ACAAG AAGACAACC 
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Figure 2A 

Wild Type FGFR3-IIIb: 



^GAAGCTGCTGGCCGTGCCGGCCGCC^CACCGTCCGCTTCrrrT-r-r"rAAr-3^ CACGGCCCGAGCGGATGGAC 

==lllii=iis= 
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Figure 2B 



Mutant R24 8C FGFR3-IIIb : 



ATGGGCGCCCCTGCCTGCGCCCTCGCGCTCTGCGTGGCCGTGGCCATCGTGGCCGGCGCCTCCTCGGAGTCCTTGGGGAC 

ggagcagcgcgtcgtggggcgagcggcagaagtcccgggcccagagcccggccagcaggagcagttgg^tcttcggSgcg 
gsgatgctgtggagctgagctgtcccccgcccgggggtggtcccatggggcccactg^ 
■ " g £ gccctcggagcgtgtcctggtgg ggccccag^^ 

^gctgccggcagcggctcacgcagcgcgtactgtgccacttcagtgtgcgggtgacagacgctccScctcg?^ 

AAGAAGCTGCTGGCCGTGCCGGCCGCCAACACCGTCCGCTTCCGCTGCCC^GCCGCTGGCAACCCCACTCCCTCCATCT^ 

ctggctgaagaacggcagggagttccgcggcgagcaccgcattggaggcatcaagctgcggcatcagcagtggaScS^ 

tcapgaaagcgtggtgccctcggaccgcggcaactacacctgcgtcgtggagaacaagtttggSgS?J« 

™cacgctggacgtgctggagtgctccccgcaccggcccatcctgcagg^ 

GGGC ^ GCGACGTGGAGTTCCACTG ^^ 

acg ^ gcaaggtgggcccggacggc a^^ 

gtgcgcctccgcctggccaatgtgtcggagcggc^cggg^cgagtacctctgtcgagcc^ccaatttS^ 
gg ^aaggccttttggctgagcgttcacgggccccgag^ 

CGCAG ^ CCAAG ^ 

*L C ™ cgcgtc ^ tgagc tccaacacaccactggtgcgcatcgcaaggctgtcctcaggggagggccccacgctgg 
ccaatgtctccgagctcgagctgcctgccgaccccaaatggc^gctgtctcgggcccggctgaccctLgcaagcccc?? 

GGGGA f GCTGCTTCGGC ^ GGTGGTC ATGGCGGAGGCCATCGGCATTGACAAGGACCGGGCCGCCAAGC™SS 
T GC ^I GAAGATGCTGAAAGACG ^ 

?GA^ArrI^^ G ^™ TTTCTGCGGGCGCGGCGGCCCCCGGGCCT ^ 

CG ^ GGAGCAGCTCACCTTCAAGGACCTGG TGTCCTGTGCCTACCAGGTGGCCCGGGGCATGGAGTACTTGGCCTCCCAGA 
AG J GCA * CCACAGGGACCTGGCTGGGG ^^ 

GGGGGGGACGTGCACAACCTCGA ™^ 

crlr^^ CCTGTACATGATCATG ^ G S^GTGCTGGCATGCCGCGCCCTCCCAGAG G CCCACCTTCAAGCAGCTGGT 
GG ^ GGAGC I GG ^ CCGTGTCCTTA ^^ 
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Figure 2C 



Mutant S249C FGFR3-IIIb : 



ATGGGCGCCCCTGCCTGCGCCCTCGCGCTCTGCGTGGCCGTGGCCATCGTGGCCGGCGCCTCCTCGGAGTCCTTGGGGAC 
GGAGCAGCGCGTCGTGGGGCGAGCGGCAGAAGTCCCGGGCCCAGAGCCCGGCCAGCAGGAGCAGTTGGTCTTCGGCAGCG 
GGGATGCTGTGGAGCTGAGCTGTCCCCCGCCCGGGGGTGGTCCCATGGGGCCCACTGTCTGGGTCAAGGATGGCACAGGG 
CTGGTGCCCTCGGAGCGTGTCCTGGTGGGGCCCCAGCGGCTGCAGGTGCTGAATGCCTCCCACGAGGACTCCGGGGCCTA 
CAGCTGCCGGCAGCGGCTCACGCAGCGCGTACTGTGCCACTTCAGTGTGCGGGTGACAGACGCTCCATCCTCGGGAGATG 
ACGAAGACGGGGAGGACGAGGCTGAGGACACAGGTGTGGAC^CAGGGGCCCCTTACTGGACACGGCCCGAGCGGATGGAC 
AAGAAGCTGCTGGCCGTGCCGGCCGCCAACACCGTCCGCTTCCGCTGCCCAGCCGCTGGCAACCCCACTCCCTCCATCTC 
CTGGCTGAAGAACGGCAGGGAGTTCCGCGGCGAGCACCGCATTGGAGGCATCAAGCTGCGGCATCAGCAGTGGAGCCTGG 
TCATGGAAAGCGTGGTGCCCTCGGACCGCGGCAACTACACCTGCGTCGTGGAGAACAAGTTTGGCA.GCATCCGGCAGACG 
TACACGCTGGACGTGCTGGAGCGCTGCCCGCACCGGCCCATCCTGCAGGCGGGGCTGCCGGCCAACCAGACGGCGGTGCT 
GGGCAGCGACGTGGAGTTCCACTGCAAGGTGTACAGTGACGCACAGCCCCACATCCAGTGGCTCAAGCACGTGGAGGTGA 
ACGGCAGCAAGGTGGGCCCGGACGGCACACCCTACGTTACCGTGCTCAAGTCCTGGATCAGTGAGAGTGTGGAGGCCGAC 
GTGCGCCTCCGCCTGGCCAATGTGTCGGAGCGGGACGGGGGCGAGTACCTCTGTCGAGCCACCAATTTCATAGGCGTGGC 
CGAGAAGGCCTTTTGGCTGAGCGTTCACGGGCCCCGAGC=lGCCGAGGAGGAGCTGGTGGAGGCTGACGAGGCGGGCAGTG 

tgtatgcaggcatcctcagctacggggtgggcttcttcctgttcatcctggtggtggcggctgtgacgctctgccgcctg 
cgcagcccccccaagaaaggcctgggctcccccaccgtgcacaagatctcccgcttcccgctcaagcgacaggtgtccct 
ggagtccaacgcgtccatgagctccaacacaccactggtgcgcatcgcaaggctgtcctcaggggagggccccacgctgg 
ccaatgtctccgagctcgagctgcctgccgaccccaaatgggagctgtctcgggcccggctgaccctgggcaagcccctt 
ggggagggctgcttcggccaggtggtcatggcggaggccatcggcattgacaaggaccgggccgccaagcctgtcaccgt 
agccgtgaagatgctgaaagacgatgccactgacaaggacctgtcggacctggtgtctgagatggagatgatgaagatga 
tcgggaaacacaaaaacatcatcaacctgctgggcgcctgcacgcagggcgggcccctgtacgtgctggtggagtacgcg 
gccaagggtaacctgcgggagtttctgcgggcgcggcggcccccgggcctggactactccttcgacacctgcaagccgcc 
cgaggagcagctcaccttcaaggacctggtgtcctgtgcctaccaggtggcccggggcatggagtacttggcctcccaga 
agtgcatccacagggacctggctgcccgcaatgtgctggtgaccgaggacaacgtgatgaagatcgcagacttcgggctg 
gcccgggacgtgcacaacctcgactactacaagaagacaaccaacggccggctgcccgtgaagtggatggcgcctgaggc 
cttgtttgaccgagtctacactcaccagagtgacgtctggtcctttggggtcctgctctgggagatcttcacgctggggg 

tgcacacacgacctgtacatgatcatgcgggagtgctggcatgccgcgccctcccagaggcccaccttcaagcagctggt 
ggaggacctggaccgtgtccttaccgtgacgtccaccgacgagtacctggacctgtcggcgcctttcgagcagtactccc 
cgggtggccaggacacccccagctccagctcctcaggggacgactccgtgtttgcccacgacctgctgcccccggcccca 
cccagcagtgggggctcgcggacgtga 
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Figure 2D 

Mutant G372C FGFR3-IIIb: 

A7GGGCGCCCCTGCCTGCGCCCTCGCGCTCTGCGTGGCCGTGGCCATCG73GCC3GCGCCTCCTCGGAGTCCTTGGGGAC 
GGAGCAGCGCGTCGTGGGGCGAGCGGCAGAAGTCCCGGGCCCAGAGCCCGGCCAGCAGGAGCAG7TGGTCTTCGGCAGCG 
GGGATGCTGTGGAGCTGAGCTGTCCCCCGCCCGGGGGTGGTCCCATGGGGCCCAC7GTCTGGGTCAAGGATGGCACAGGG 
C7GGTGCCCTCGGAGCG7GTCC7GGTGGGGCCCCAGCGGC7GCAGG7GC7GAA7GCC7CCCACGAGGAC7CCGGGGCCTA 
CAGCTGCCGGCAGCGGCTCACGCAGCGCGTACTGTGCCACTTC^GTGTGCGGGTGACAGACGCTCCATCCTCGGGAGATG 
ACGAAGACGGGGAGGACGAGGCTGAGGACACAGGTGTGGACACAGGGGCCCC7TACTGGACACGGCCCGAGCGGATGGAC 
AAGAAGCTGCTGGCCGTGCCGGCCGCCAACACCGTCCGCTTCCGCrGCCCAGCCGCTGGCAACCCCACTCCCTCCATCTC 
CTGGCTGAAGAACGGCAGGGAGTTCCGCGGCGAGCACCGCATTGGAGGCATCAAGC7GCGGCATCAGCAGTGGAGCCTGG 
TCATGGAAAGCGTGGTGCCC7CGGACCGCGGCAACTACACCTGCG7CG7GGAGA.A.CAAGTTTGGCAGCATCCGGCAGACG 
7ACACGCTGGACGTGC7GGAGCGC7CCCCGCACCGGCCCATCC7GCAGGCGGGGC7GCCGGCCAACCAGACGGCGGTGC7 
GGGCAGCGACG7GGAG77CCAC7GCAAGG7G7ACAG7GACGCACAGCCCCACA7CCAG7GGCTCAAGCACGTGGAGGTGA 
ACGGCAGCAAGGTGGGCCCGGACGGCACACCC7ACG7TACCGTGC7CAAGTCCTGGATCAG7GAGAGTG7GGAGGCCGAC 
G7GCGCC7CCGCC7GGCCAA7G7G7CGGAGCGGGACGGGGGCGAG7ACC7C7G7CGAGCCACCAA777CA7AGGCG7GGC 
CGAGAAGGCC7777GGC7GAGCGTTCACGGGCCCCGAGCAGCCGAGGAGGAGC7GG7GGAGGC7GACGAGGCG7GCAGTG 
TGTATGCAGGCATCCTCAGCTACGGGGTGGGCTTC7TCC7GTTCATCCTGGTGGTGGCGGCTGTGACGCTCTGCCGCCTG 
CGCAGCCCCCCCAAGAAAGGCC7GGGCTCCCCCACCG7GCACAAGA7C7CCCGCT7CCCGCTCAAGCGACAGG7G7CCCT 
GGAGTCCAACGCG7CCA7GAGC7CCAACACACCACTGG7GCGCATCGCAAGGC7G7CC7CAGGGGAGGGCCCCACGC7GG 
CCAA7G7C7CCGAGCTCGAGCTGCC7GCCGACCCCAAATGGGAGC7G7C7CGGGCCCGGC7GACCC7GGGCAAGCCCC7T 
GGGGAGGGCTGCTTCGGCCAGGTGGTCATGGCGGAGGCCATCGGCATTGACAAGGACCGGGCCGCCAAGCC7G7CACCGT 
AGCCG7GAAGATGCTGAAAGACGATGCCAC7GACAAGGACC7GTCGGACCTGG7G7C7GAGATGGAGATGATGAAGATGA 
TCGGGAAACACAAAAACATCATCAACCTGCTGGGCGCCTGCACGCAGGGCGGGCCCCTGTACGTGC7GG7GGAGTACGCG 
GCCAAGGG7AACC7GCGGGAG777C7GCGGGCGCGGCGGCCCCCGGGCC7GGAC7AC7CC7TCGACACC7GCAAGCCGCC 
CGAGGAGCAGCTCACCTTCAAGGACCTGGTGTCCTG7GCCTACCAGGTGGCCCGGGGCATGGAGTACTTGGCCTCCCAGA 
AGTGCATCCACAGGGACC7GGC7GCCCGCAA7G7GC7GG7GACCGAGGACAACG7GA7GAAGA7CGCAGACT7CGGGC7G 
GCCCGGGACG7GCACAACC7CGAC7AC7ACAAGAAGACAACCAACGGCCGGC7GCCCG7GAAG7GGA7GGCGCCTGAGGC 
C7TG777GACCGAGTCTACAC7CACCAGAG7GACG7C7GG7CCTTTGGGG7CC7GC7C7GGGAGA7CTTCACGC7GGGGG 
GC7CCCCG7ACCCCGGCATCCC7G7GGAGGAGC7C7TCAAGC7GC7GAAGGAGGGCCACCGCA7GGACAAGCCCGCCAAC 
7GCACACACGACC7G7ACATGA7CA7GCGGGAG7GC7GGCA7GCCGCGCCC7CCCAGAGGCCCACC77CAAGCAGCTGG7 
GGAGGACC7GGACCG7G7CCT7ACCG7GACG7CCACCGACGAG7ACC7C-GACC7G7CGGCGCC777CGAGCAG7ACTCCC 
CGGG7GGCCAGGACACCCCCAGC7CCAGC7CCTCAGGGGACGACTCCG7G7TTGCCCACGACCTGCTGCCCCCGGCCCCA 
CCCAGCAG7GGGGGCTCGCGGACGTGA 
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Figure 2E 



Mutant K652E FGFR3-IIIb: 



ATGGGCGCCCCTGCCTGCGCCCTCGCGCTCTGCGTGGCCGTGGCCATCGTGGCCGGCGCCTCCTCGGAGTCCTTGTrar 
GG ^ GCTGTGGAGCTGAGCTGTCCCCCGC CCGGGGGTGGTCCCATGGGC-CCCACTGTCTGGGTC A AGC^T^ 

ctggtgccctcggagcgtgtcctggtggggccccagcggctgcaggtgctgaatgcctcccacc^ctccgSgc^ 

CA.GCTGCCGGCAGCGGCTCACGCAGCGCGTACTGTGCCACTTCAGTGTGC3GGTGACAGACGCTCCATC TCGGG^ 

£ GAAGACGGGGAGGACGA ^ 

AAGAAGCTGCTGGCCGTGCCGGCCGCC ^^ 

C r GGC J GAAGAACGGCAGGGAGTTCCGCGGCGAGCACCGCATTGGAGG ^ 
l^l GG ^ GCGTGGTGCCCTCGGACCGCGG ^ C ?^^^ 

TACACGCTGGACGTGCTGGAGCGCTCCCCGCACCGGCCCATCCTGCAGGCGGGGCTGCCGGCCAACCAGACGGCGG^r^ 
ACGG ^ GCAAGGTGGGCCCGGACGGCAG AC^^ 

gtgcgcctccgcctggccaatgtgtcggagcgggacgggggcgagtacctctgtcgagccaccaatttcatSgc^ 

CGAGAAGGCCTTTTGGCTGAGCGTTCACGGGCCCCGAGCAGCCGAGGAGC^GCTGGTGGAGGC^CGA^G?^ 

tgtatgcaggcatcctc^gctacggggtgggcttcttcctgttcatc^ 

CG ^ CCCCCCAAGAAAGGCCTGGG ^ 

c^rr^ GCGTCCATGAGCTCCAA ^ 

C^lrr-rrZ CGAGCTCGAGCTGCCTGCCGACCCC ™GGGAGCTGTCTCGGGCCCGGCTC^CCCTGGGCAAGCCCCt5 

™ ctgcttcggc ^ggtggtcatggcggaggccatcgg«ttgacaaggaccgggccgccaagcc^tSccgt 

™ G ^ CACAAAAACATCATC ^ 

CGA^ G rI AA ^ TGCGGGAGTTTCTGCGGGCGCGGCGGCCCCCGGGCCTGGAC ^ 

^ G ^T^ GC I CACC "S AAGGACCTGGTGTCCTGTGCCTACCAGGTGGCC " 

A S^rA CACAGGGAC . TGGCTGCCCGC ^ TGTGCTGGTGACCGAGGACAA ^ 
G ^ CGGGA ^ G I G ^^ CCTCGACTAC ra 

C " G "I GACCGAGTCTACACTCACCAG ^TGACGTCTGGTCCTTTGGGGTCCTGCTCTGG 

G^^t™ TGTACATGATCATGCGGGAGTGC TGGCAXGCCGCGCCCTCCCAGAGGCCCACCTTCAAGC^GCTGGT 
G^G^CCTGGACCGTGTCCTTACCGTGACGTCCACCGACGAGTACCTGGACCTGTCGGCGCCTTTCGAGCAGTACTCCC 
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Figure 2F 



Mutanc S373C FGFR3-irib: 



ATGGGC6CCCCTGCCTGCGCCCTCGCGCTCTGCGTGGCCGTGGCCATCGTGGCCGGCGCCTCCTCGGAGTCCTTGGGGAC 
GGAGCAGCGCGTCGTGGGGCGAGCGGCAGAAGTCCCGGGCCCAGAGCCCGGCCAGCAGGAGCAGTTGGTCTTCGGCAGCG 
GGGA7GC7G7GGAGC7GAGC7G7CCCCCGCCCGGGGG7GG7CCCA7GGGGCCCAC7G7C7GGG7CAAGGA7GGCACAGGG 
CTGGTGCCCTCGGAGCGTGTCCTGGTGGGGCCCCAGCGGCTGCAGGTGCTGAATGCCTCCCACGAGGACTCCGGGGCCTA 
CAGC7GCCGGCAGCGGC7CACGCAGCGCG7ACTGTGCCAC77CAG7G7GCGGG7GACAGACGCTCCA7CC7CGGGAGATG 
ACGAAGACGGGGAGGACGAGGCTGAGGACACAGG7GTGGACAC=iGGGGCCCCTTACTGGACACGGCCCGAGCGGATGGAC 
AAGAAGCTGCTGGCCGTGCCGGCCGCCAACACCGTCCGCTTCCGCTGCCCAGCCGCTGGCAACCCCACTCCCTCCATCTC 
CTGGCTGAAGAACGGCAGGGAGTTCCGCGGCGAGCACCGCATTGGAGGCA7CAAGCTGCGGCATCAGCAGTGGAGCCTGG 
TCATGGAAAGCGTGGTGCCCTCGGACCGCGGCAACTACACCTGCGTCGTGGAGAACAAGTTTGGCAGCATCCGGCAGACG 
TACACGCTGGACGTGCTGGAGCGCTCCCCGCACCGGCCCA7CCTGCAGGCGGGGCTGCCGGCCAACCAGACGGCGGTGCT 
GGGCAGCGACG7GGAGTTCCACTGCAAGGTG7ACAG7GACGCACAGCCCCACATCCAGTGGCTCAAGCACG7GGAGGTGA 
ACGGCAGCAAGG7GGGCCCGGACGGCACACCCTACG77ACCG7GC7CAAG7CC7GGATCAG7GAGAGTG7GGAGGCCGAC 
GTGCGCC7CCGCC7GGCCAATGTGTCGGAGCGGGACGGGGGCGAG7ACC7C7GTCGAGCCACCAAT7TCA7AGGCG7GGC 
CGAGAAGGCCTT7TGGCTGAGCG7TCACGGGCCCCGAGCAGCCGAGGAGGAGCTGG7GGAGGCTGACGAGGCGGGCTG7G 
TGTATGCAGGCATCC7CAGCTACGGGGTGGGCTTCTTCCTGTTCATCCTGGTGGTGGCGGC7GTGACGC7CTGCCGCCTG 
CGCAGCCCCCCCAAGAAAGGCCTGGGCTCCCCCACCGTGCACAAGATCTCCCGCTTCCCGCTCAAGCGACAGG7G7CCCT 
GGAG7CCAACGCGTCCATGAGCTCCAACACACCACTGG7GCGCA7CGCAAGGC7GTCCTCAGGGGAGGGCCCCACGCTGG 
CCAA7G7CTCCGAGCTCGAGC7GCCTGCCGACCCCAAA7GGGAGC7G7C7CGGGCCCGGCTGACCC7GGGCAAGCCCC77 
GGGGAGGGC7GCTTCGGCCAGGTGG7CA7GGCGGAGGCCA7CGGCA7TGACAAGGACCGGGCCGCCAAGCCTG7CACCGT 
AGCCG7GAAGA7GCTGAAAGACGATGCCAC7GACAAGGACC7GTCGGACC7GG7G7CTGAGA7GGAGArGA7GAAGA7GA 
TCGGGAAACACAAAAACATCATCAACCTGC7GGGCGCC7GCACGCAGGGCGGGCCCC7GTACGTGCTGGTGGAGTACGCG 
GCCAAGGGTAACCTGCGGGAGTTTCTGCGGGCGCGGCGGCCCCCGGGCCTGGACTACTCCTTCGACACCTGCAAGCCGCC 
CGAGGAGCAGCTCACC7TCAAGGACCTGGTGTCC7G7GCC7ACCAGGTGGCCCGGGGCATGGAGTACTTGGCC7CCCAGA 
AGTGCA7CCACAGGGACCTGGC7GCCCGCAATGTGCTGG7GACCGAGGACAACGTGA7GAAGATCGCAGAC7TCGGGC7G 
GCCCGGGACGTGCACAACC7CGACTAC7ACAAGAAGACAACCAACGGCCGGC7GCCCGTGAAGTGGATGGCGCC7GAGGC 
CTTG777GACCGAG7C7ACACTCACCAGAG7GACG7C7GG7CCT77GGGG7CCTGC7CTGGGAGATCT7CACGC7GGGGG 
GCTCCCCG7ACCCCGGCATCCCTGTGGAGGAGC7C77CAAGCTGCTGAAGGAGGGCCACCGCATGGACAAGCCCGCCAAC 
TGCACACACGACC7GTACA7GATCATGCGGGAGTGC7GGCA7GCCGCGCCCTCCCAGAGGCCCACCTTCAAGCAGCTGG7 
GGAGGACC7GGACCGTGTCCT7ACCGTGACGTCCACCGACGAGTACC7GGACCTG7CGGCGCC7TTCGAGCAGTAC7CCC 
CGGG7GGCCAGGACACCCCCAGC7CCAGCTCCTCAGGGGACGAC7CCG7G7T7GCCCACGACCTGC7GCCCCCGGCCCCA 
CCCAGCAGTGGGGGC7CGCGGACGTGA 
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Figure 2G 

Mutant Y375C rGFR3-i:ib: 

A7GGGCGCCCCTGCCTGCGCCCTCGCGCTCTGCGTGGCCGTGGCCATCGTGGCCGGCGCCTCCTCGGAGTCCTTGGGGAC 
GGAGCAC-CGCGTCGTGGGGCGAGCGGCAGAAGTCCCGGGCCCAGAGCCCGGCCAGCAGGAGCAGTTGGTCTTCGGCAGCG 
GGGATGCTGTGGAGCTGAGCTGTCCCCCGCCCGGGGGTGGTCCCATGGGGCCCACTGTCTGGGTCAAGGATGGCACAGGG 
CTGGTGCCCTCGGAGCGTGTCCTGGTGGGGCCCCAGCGGCTGCAGGTGCTGAATGCCTCCCACGAGGACTCCGGGGCCTA 
CAGCTGCCGGCAGCGGCTCACGCAGCGCGTACTGTGCCACTTCAGTGTGCGGGTGACAGACGCTCCATCCTCGGGAGATG 
ACGAAGACGGGGAGGACGAGGCTGAGGACACAGGTGTGGACACAGGGGCCCCTTACTGGACACGGCCCGAGCGGATGGAC 
AAGAAGCTGCTGGCCGTGCCGGCCGCCAACACCGTCCGCTTCCGCTGCCCAGCCGCTGGCAACCCCACTCCCTCCATCTC 
CTGGCTGAAGAACGGCAGGGAGTTCCGCGGCGAGCACCGCATTGGAGGCATCAAGCTGCGGCATCAGCAGTGGAGCCTGG 
TCATGGAAAGCGTGGTGCCCTCGGACCGCGGCAACTACACCTGCGTCGTGGAGAACAAGTTTGGCAGCATCCGGCAGACG 
TACACGCTGGACG7GCTGGAGCGC7CCCCGCACCGGCCCATCC7GCAGGC3GGGCTGCCGGCCAACCAGACGGCGGTGC7 
GGGCAGCGACGTGGAGTTCCACTGCAAGGTGTACAGTGACGCACa.GCCCCACATCCAGTGGCTCAAGCACGTGGAGGTGA 
ACGGCAGCAAGGTGGGCCCGGACGGCACACCCTACGTTACCGTGCTCAAGTCCTGGATCAGTGAGAGTGTGGAGGCCGAC 
GTGCGCCTCCGCCTGGCCAATGTGTCGGAGCGGGACGGGGGCGAGTACCTCTGTCGAGCCACCAATTTCATAGGCGTGGC 
CGAGAAGGCCTTTTGGCTGAGCGTTCACGGGCCCCGAGCAGCCGAGGAGGAGC7GG7GGAGGCTGACGAGGCGGGCAGTG 
TGTGTGCAGGCATCCTCAGCTACGGGGTGGGCTTCTTCCTGTTCATCCTGGTGGTGGCGGCTGTGACGCTCTGCCGCCTG 
CGCAGCCCCCCCAAGAAAGGCCTGGGCTCCCCCACCGTGCACAAGATCTCCCGCTTCCCGCTCAAGCGACAGGTGTCCCT 
GGAGTCCAACGCGTCCATGAGCTCCAACACACCACTGGTGCGCATCGCAAGGCTGTCCTCAGGGGAGGGCCCCACGCTGG 
CCAATGTCTCCGAGCTCGAGCTGCCTGCCGACCCCAAATGGGAGCTGTCTCGGGCCCGGCTGACCCTGGGCAAGCCCCTT 
GGGGAGGGCTGCTTCGGCCAGGTGGTCATGGCGGAGGCCATCGGCATTGACAAGGACCGGGCCGCCAAGCCTGTCACCGT 
AGCCGTGAAGATGC7GAAAGACGATGCCAC7GACAAGGACC7G7CGGACCTGGTGTCTGAGATGGAGA7GATGAAGATGA 
TCGGGAAACACAAAAACATCATCAACCTGCTGGGCGCCTGCACGCAGGGCGGGCCCCTGTACGTGCTGGTGGAGTACGCG 
GCCAAGGGTAACCTGCGGGAGTTTCTGCGGGCGCGGCGGCCCCCGGGCCTGGACTACTCCTTCGACACCTGCAAGCCGCC 
CGAGGAGCAGCTCACCTTCAAGGACCTGGTGTCCTGTGCCTACCAGGTGGCCCGGGGCATGGAGTACTTGGCCTCCCAGA 
AGTGCATCCACAGGGACCTGGCTGCCCGCAATGTGCTGGTGACCGAGGACAACGTGATGAAGATCGCAGACTTCGGGCTG 
GCCCGGGACGTGCACAACCTCGACTACTACAAGAAGACAACCAACGGCCGGCTGCCCGTGAAGTGGATGGCGCCTGAGGC 
CTTGTTTGACCGAGTCTACACTCACCAGAGTGACGTCTGGTCCTTTGGGGTCCTGCTCTGGGAGATCTTCACGCTGGGGG 
GCTCCCCGTACCCCGGCATCCCTGTGGAGGAGCTCTTCAAGCTGCTGAAGGAGGGCCACCGCATGGACAAGCCCGCCAAC 
TGCACACACGACCTGTACATGATCATGCGGGAGTGCTGGCATGCCGCGCCCTCCCAGAGGCCCACCTTCAAGCAGCTGGT 
GGAGGACCTGGACCGTGTCCTTACCGTGACGTCCACCGACGAGTACC7GGACCTG7CGGCGCCTTTCGAGCAGTACTCCC 
CGGGTGGCCAGGACACCCCCAGCTCCAGCTCCTCAGGGGACGACTCCGTGT77GCCCACGACCTGCTGCCCCCGGCCCCA 
CCCAGCAG7GGGGGCTCGCGGACGTGA 
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Figure 2H 



Mutanc K652M FGFR3-IIIb: 



ATGGGCGCCCCTGCCTGCGCCCTCGCGCTCTGCGTGGCCGTGGCCATCGTGGCCGGCGCCTCCTCGGAGTCCTTGGGGAC 
GGAGCAGCGCGTCGTGGGGCGAGCGGCAGAAGTCCCGGGCCCAGAGCCCGGCCAGCAGGAGCAGTTGGTCTTCGGCAGCG 
GGGATGCTGTGGAGCTGAGCTGTCCCCCGCCCGGGGGTGGTCCCATGGGGCCCACTGTCTGGGTCAAGGATGGCACAGGG 
CTGGTGCCCTCGGAGCGTGTCCTGGTGGGGCCCCAGCGGC7GCAGGTGCTGAATGCCTCCCACGAGGACTCCGGGGCCTA 
CAGCTGCCGGCAGCGGCTCACGCAGCGCGTACTGTGCCACTTCAGTGTGCGGGTGACAGACGCTCCATCCTCGGGAGATG 
ACGAAGACGGGGAGGACGAGGCTGAGGACACAGGTGTGGACACAGGGGCCCCTTACTGGACACGGCCCGAGCGGATGGAC 
AAGAAGCTGCTGGCCGTGCCGGCCGCCAACACCGTCCGCTTCCGCTGCCCAGCCGCTGGCAACCCCACTCCCTCCATCTC 
CTGGCTGAAGAACGGCAGGGAGTTCCGCGGCGAGCACCGCATTGGAGGCA7CAAGCTGCGGCATCAGCAGTGGAGCCTGG 
TCATGGAAAGCGTGGTGCCCTCGGACCGCGGCAACTACACCTGCGTCGTGGAGAACAAGTTTGGCAGCATCCGGCAGACC- 
TACACGCTGGACGTGCTGGAGCGCTCCCCGCACCGGCCCATCCTGCAGGCGGGGCTGCCGGCCAACCAGACGGCGGTGCT 
GGGCAGCGACGTGGAGTTCCACTGCAAGGTGTACAGTGACGCACAGCCCCACATCCAGTGGCTCAAGCACGTGGAGGTGA 
ACGGCAGCAAGGTGGGCCCGGACGGCACACCCTACGTTACCGTGCTCAAGTCCTGGATCAGTGAGAGTGTGGAGGCCGAC 
GTGCGCCTCCGCCTGGCCAATGTGTCGGAGCGGGACGGGGGCGAGTACCTCTGTCGAGCCACCAATTTCATAGGCGTGGC 
CGAGAAGGCCTTTTGGCTGAGCGTTCACGGGCCCCGAGCAGCCGAGGAGGAGCTGGTGGAGGCTGACGAGGCGGGCAGTG 
TGTATGCAGGCATCCTCAGCTACGGGGTGGGCTTCTTCCTGTTCATCCTGGTGGTGGCGGCTGTGACGCTCTGCCGCCTG 
CGCAGCCCCCCCAAGAAAGGCCTGGGCTCCCCCACCGTGCACAAGATCTCCCGCTTCCCGCTCAA.GCGACAGGTGTCCCT 
GGAGTCCAACGCGTCCATGAGCTCCAACACACCACTGGTGCGCATCGCA=,GGCTGTCCTCAGGGGAGGGCCCCACGCTGG 
CCAATGTCTCCGAGCTCGAGCTGCCTGCCGACCCCAAATGGGAGCTGTCTCGGGCCCGGCTGACCCTGGGCAAGCCCCTT 
GGGGAGGGCTGCTTCGGCCAGGTGGTCATGGCGGAGGCCATCGGCATTGACAAGGACCGGGCCGCCAAGCCTGTCACCGT 
AGCCGTGAAGATGCTGAAAGACGATGCCACTGACAAGGACCTGTCGGACCTGGTGTCTGAGATGGAGATGATGAAGATGA 
TCGGGAAACACAAAAACATCATCAACCTGCTGGGCGCCTGCACGCAGGGCGGGCCCCTGTACGTGCTGGTGGAGTACGCG 
GCCAAGGGTAACCTGCGGGAGTTTCTGCGGGCGCGGCGGCCCCCGGGCCTGGACTACTCCTTCGACACCTGCAAGCCGCC 
CGAGGAGCAGCTCACCTTCAAGGACCTGGTGTCCTGTGCCTACCAGGTGGCCCGGGGCATGGAGTACTTGGCCTCCCAGA 
AGTGCATCCACAGGGACCTGGCTGCCCGCAATGTGCTGGTGACCGAGGACAACGTGATGAAGATCGCAGACTTCGGGCTG 
GCCCGGGACGTGCACAACCTCGACTACTACAAGATGACAACCAACGGCCGGCTGCCCGTGAAGTGGATGGCGCCTGAGGC 
CTTGTTTGACCGAGTCTACACTCACCAGAGTGACGTCTGGTCCTTTGGGGTCCTGCTCTGGGAGATCTTCACGCTGGGGG 
GCTCCCCGTACCCCGGCATCCCTGTGGAGGAGCTCTTCAAGCTGCTGA^GGAGGGCC^CCGCATGGACAAGCCCGCCAAC 
TGCACACACGACCTGTACATGATCATGCGGGAGTGCTGGCATGCCGCGCCCTCCCAGAGGCCCACCTTCAAGCAGCTGGT 
GGAGGACCTGGACCGTGTCCTTACCGTGACGTCCACCGACGAGTACCTGGACCXGTCGGCGCCTTTCGAGCAGTACTCCC 
CGGGTGGCCAGGACACCCCCAGCTCCAGCTCCTCAGGGGACGACTCCGTGTTTGCCCACGACCTGCTGCCCCCGGCCCCA 
CCCAGCAGTGGGGGCTCGCGGACGTGA 
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Figure 21 



Mutant X809C FGFR3-IIIb: 



ATGGGCGCCCCTGCCTGCGCCCTCGCGCTCTGCGTGGCCGTGGCCATC 3TGGCCGGCGCCTCCTCGGAGTCCTTGGGGAC 
GGAGCAGCGCG7CG7GGGGCGAGCGGCAGAAGTCCCGGGCCCTGAGCCCGGCCAGCAGGAGCAG77GGTC77CGGCAGCG 
GGGATGCTGTGGAGCTGAGCTGTCCCCCGCCCGGGGGTGGTCCCAT3GGGCCCACTGTCTGGGTCAAGGATGGCACAGGG 
C7GG7GCCC7CGGAGCG7G7CC7GGTGGGGCCCCAGCGGC7GCAGGTGC7GAA7GCC7CCCACGAGGAC7CCGGGGCC7A 
CAGC7GCCGGCAGCGGCTCACGCAGCGCG7AC7G7GCCAC7TCAG7G7GCGGG7GACAGACGCTCCATCCTCGGGAGATG 
ACGAAGACGGGGAGGACGAGGCTGAGGACACAGGTGTGGACACAGGGGCCCCTTACTGGACACGGCCCGAGCGGATGGAC 
AAGAAGCTGCTGGCCGTGCCGGCCGCCAACACCGTCCGCTTCCGC7GCCCAGCCGCTGGCAACCCCACTCCCTCCATCTC 
CTGGCTGAAGAACGGCAGGGAGTTCCGCGGCGAGCACCGCATTGGAGGCATCAAGCTGCGGCATCAGCAGTGGAGCC7GG 
TCATGGAAAGCGTGGTGCCCTCGGACCGCGGCAACTACACCTGCGTCGTGGAGAACAAGTTTGGCAGCATCCGGCAGACG 
TACACGCTGGACGTGCTGGAGCGCTCCCCGCACCGGCCCATCCTGCAGGCGGGGC7GCCGGCCAACCAGACGGCGGTGCT 
GGGCAGCGACG7GGAG77CCAC7GC^AGG7G7ACAG7GACGCACAGCCCCACA7CCAG7GGC7CAAGCACG7GGAGG7GA 
ACGGCAGCAAGG7GGGCCCGGACGGCACACCC7ACG77ACCG7GC7CAAG7CC7GGA7CAG7GAGAG7G7GGAGGCCGAC 
G7GCGCCTCCGCC7GGCCAA7G7G7CGGAGCGGGACGGGGGCGAGTACCTC7GTCGAGCCACCAA7T7CATAGGCG7GGC 
CGAGAAGGCC7777GGC7GAGCG77CACGGGCCCCGAGCAGCCGAGGAGGAGC7GGTGGAGGCTGACGAGGCGGGCAGTG 
TGTATGCAGGCATCC7CAGC7ACGGGGTGGGCTTCTTCCTGTTCATCCTGGTGG7GGCGGCTGTGACGCTCTGCCGCCTG 
CGCAGCCCCCCCAA.GAAAGGCCTGGGCTCCCCCACCGTGCACAAGATCTCCCGC77CCCGC7CAAGCGACAGG7G7CCCT 
GGAG7CCAACGCGTCCA7GAGCTCCAACACACCACTGGTGCGCATCGCAAGGCTGTCCTCAGGGGAGGGCCCCACGC7GG 
CCAATGTCTCCGAGCTCGAGCTGCCTGCCGACCCCAAATGGGAGCTGTCTCGGGCCCGGCTGACCCTGGGCAAGCCCCTT 
GGGGAGGGC7GCTTCGGCCAGG7GG7CA7GGCGGAGGCCATCGGCATTGACAAGGACCGGGCCGCCAAGCC7G7CACCGT 
AGCCGTGAAGATGC7GAAAGACGA7GCCACTGACAAGGACCTGTCGGACCTGGTG7CTGAGA7GGAGA7GA7GAAGATGA 
7CGGGAAACACAAAAACATCATCAACCTGCTGGGCGCCTGCACGCAGGGCGGGCCCC7GTACGTGC7GG7GGAGTACGCG 
GCCAAGGG7AACC7GCGGGAGT7TC7GCGGGCGCGGCGGCCCCCGGGCC7GGAC7AC7CC7TCGACACC7GCAAGCCGCC 
CGAGGAGCAGC7CACC77CAAGGACC7GG7G7CC7G7GCC7ACCAGGTGGCCCGGGGCA7GGAG7AC77GGCCTCCCAGA 
AGTGCATCCACAGGGACCTGGCTGCCCGCAATGTGC7GGTGACCGAGGACAA.CG7GATGAAGATCGCAGACTTCGGGCTG 
GCCCGGGACGTGCACAACC7CGAC7ACTACAAGAAGACAACCAACGGCCGGC7GCCCG7GAAG7GGA7GGCGCC7GAGGC 
C77G7T7GACCGAG7C7ACACTCACCAGAGTGACG7CTGGTCCTTTGGGG7CCTGC7C7GGGAGA7C77CACGC7GGGGG 
GC7CCCCG7ACCCCGGCA7CCC7GTGGAGGAGCTC7TCAAGC7GCTGAAGGAGGGCCACCGCA7GGACAAGCCCGCCAAC 
7GCACACACGACC7G7ACA7GATCA7GCGGGAGTGCTGGCATGCCGCGCCCTCCCAGAGGCCCACC77CAAGCAGC7GGT 
GGAGGACC7GGACCG7G7CC77ACCGTGACGTCCACCGACGAGTACC7GGACC7G7CGGCGCC777CGAGCAG7AC7CCC 
CGGG7GGCCAGGACACCCCCAGC7CCAGC7CC7CAGGGGACGAC7CCGTG777GCCCACGACC7GC7GCCCCCGGCCCCA 
CCCAGCAG7GGGGGC7CGCGGACG7GC 
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Figure 2J Mutant 1 

Mutant X809G ;GFR3-IIIb : 

ATGGGCGCCCCTGCCTGCGCCCTCGCGCTCTGCGTGGCCGTGGCCATCGTGGCCGGC5CCTCCTCGGAGTCCTTGGGGAC 
GGAGCAGCGCGTCGTGGGGCGAGCGGCAGAAGTCCCGGGCCCAGAGCCCGGCCAGCAGGAGCAGTTGGTCT7CGGCAGCG 
GGGATGCTGTGGAGCTGAGCTGTCCCCCGCCCGGGGGTGGTCCCATGGGGCCCACTGTCTGGGTCAAGGATGGCACAGGG 
CTGGTGCCCTCGGAGCGTGTCCTGGTGGGGCCCCAGCGGCTGCAGG7GCTGAATGCCTCCCACGAGGACTCCGGGGCCTA 
CAGCTGCCGGCAGCGGCTCACGCAGCGCGTACTGTGCCACTTCAGTGTGCGGGTGACAGACGCTCCATCCTCGGGAGATG 
ACGAAGACGGGGAGGACGAGGCTGAGGACACAGGTGTGGACACAGGGGCCCCTTACTGGACACGGCCCGAGCGGATGGAC 
AAGAAGCTGCTGGCCGTGCCGGCCGCCAACACCGTCCGCTTCCGCTGCCCAGCCGCTGGCAACCCCACTCCCTCCATCTC 
CTGGCTGAAGAACGGCAGGGAGTTCCGCGGCGAGCACCGCATTGGAGGCATCAAGCTGCGGCATCAGCAGTGGAGCCTGG 
TCATGGAAAGCGTGGTGCCCTCGGACCGCGGCAACTACACCTGCGTCGTGGAGAACAAGTTTGGCAGCATCCGGCAGACG 
TACACGCTGGACGTGCTGGAGCGCTCCCCGCACCGGCCCATCCTGCAGGCGGGGCTGCCGGCCAACCAGACGGCGGTGCT 
GGGCAGCGACGTGGAGTTCCACTGCAAGGTGTACAGTGACGCACAGCCCCACATCCAGTGGCTCAAGCACGTGGAGGTGA 
ACGGCAGCAAGGTGGGCCCGGACGGCACACCCTACGTTACCGTGCTCAAGTCCTGGATCAGTGAGAGTGTGGAGGCCGAC 
GTGCGCCTCCGCCTGGCCAATGTGTCGGAGCGGGACGGGGGCGAGTACCTCTGTCGAGCCACCAATTTCATAGGCGTGGC 
CGAGAAGGCCTTTTGGCTGAGCGTTCACGGGCCCCGAGCAGCCGAGGAGGAGCTGGTGGAGGCTGACGAGGCGGGCAGTG 
TGTATGCAGGCATCCTCAGCTACGGGGTGGGCTTCTTCCTGTTCATCCTGGTGGTGGCGGCTGTGACGCTCTGCCGCCTG 
CGCAGCCCCCCCAAGAAAGGCCTGGGCTCCCCCACCGTGCACAAGATCTCCCGCTTCCCGCTCAAGCGACAGGTGTCCCT 
GGAGTCCAACGCGTCCATGAGCTCCAACACACCACTGGTGCGCATCGCAAGGCTGTCCTCAGGGGAGGGCCCCACGCTGG 
CCAATGTCTCCGAGCTCGAGCTGCCTGCCGACCCCAAATGGGAGCTGTCTCGGGCCCGGCTGACCCTGGGCAAGCCCCTT 
GGGGAGGGCTGCTTCGGCCAGGTGGTCATGGCGGAGGCCATCGGCZIlTTGACAAGGACCGGGCCGCCAAGCCTGTCACCGT 
AGCCGTGAAGATGCTGAAAGACGATGCCACTGACAAGGACCTGTCGGACCTGGTGTCTGAGATGGAGATG.a.TGAAGATGA 

tcgggaaacacaaaaacatcatcaacctgctgggcgcctgcacgcagggcgggcccctgtacgtgctggtggagtacgcg 
gccaagggtaacctgcgggagtttctgcgggcgcggcggcccccgggcctggactactccttcgacacctgcaagccgcc 
cgaggagcagctcaccttcaaggacctggtgtcctgtgcctaccaggtggcccggggcatggagtacttggcctcccaga 
agtgcatccacagggacctggctgcccgcaatgtgctggtgaccgaggacaacgtgatgaagatcgcagacttcgggctg 
gcccgggacgtgcacaacctcgactactacaagaagacaaccaacggccggctgcccgtgaagtggatggcgcctgaggc 
cttgtttgaccgagtctacactcaccagagtgacgtctggtcctttggggtcctgctctgggagatcttcacgctggggg 
gctccccgtaccccggcatccctgtggaggagctcttcaagctgctgaaggagggccaccgcatggacaagcccgccaac 
tgcacacacgacctgtacatgatca.tgcgggagtgctggcatgccgcgccctcccagaggcccaccttcaagcagctggt 
ggaggacctggaccgtgtccttaccgtgacgtccaccgacgagtacctggacctgtcggcgcctttcgagcagtactccc 
cgggtggccaggacacccccagctccagctcctcaggggacgactccgtgtttgcccacgacctgctgcccccggcccca 
cccagcagtgggggctcgcggacggga 
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Figure 2K Mutant 2 



Mutan: X809G FGFR3-IIIb: 



ATGGGCGCCCCTGCCTGCGCCCTCGCGCTCTGCGTC-GCCGTGGCCATCGTC-GCCGGCGCCTCCTCGGAGTCCTTGGGGAC 
GGAGCAGCGCGTCGTGGGGCGAGCGGCAGAAGTCCCGGGCCCAGAGCCCGGCCAGCAGGAGCAGTTGGTCTTCGGCAGCG 
GGGA7GC7G7GGAGC7GAGC7G7CCCCCGCCCGGGGG7GG7CCCA7GGGGCCCAC7G7C7GGG7CAAGGA7GGCACAGGG 
CTGGTGCCCTCGGAGCGTGTCCTGGTGGGGCCCCAGCGGCTGCAGGTGCTGAATGCCTCCCACGAGGACTCCGGGGCCTA 
CAGCTGCCGGCAGCGGCTCACGCAGCGCGTACTGTGCCACTTCAGTGTGCGGGTGACAGACGCTCCATCCTCGGGAGATG 
ACGAAGACGGGGAGGACGAGGC7GAGGACACAGG7G7GGACACAGGGGCCCC77AC7GGACACGGCCCGAGCGGA7GGAC 
AAGAAGCTGCTGGCCGTGCCGGCCGCCAACACCGTCCGCTTCCGCTGCCCAGCCGCTGGCAACCCCACTCCCTCCATCTC 
CTGGCTGAAGAACGGCAGGGAGTTCCGCGGCGAGCACCGCATTGGAGGCATCAAGCTGCGGCATCAGCAGTGGAGCCTGG 
TCATGGAAAGCGTGGTGCCCTCGGACCGCGGCAACTACACCTGCGTCGTGGAGAACAAGTTTGGC\GCATCCGGCAGACG 
TACACGCTGGACGTGCTGGAGCGCTCCCCGCACCGGCCCATCCTGCAGGCGGGGCTGCCGGCCAACCAGACGGCGGTGCT 
GGGCAGCGACGTGGAGTTCCACTGCAAGGTGTACAGTGACGCACAGCGCCACATCCAGTGGCTCAAGCACGTGGAGGTGA 
ACGGCAGCAAGG7GGGCCCGGACGGCACACCC7ACG77ACCG7GC7CAAG7CC7GGA7CAG7GAGAG7G7GGAGGCCGAC 
GTGCGCCTCCGCCTGGCCAATGTGTCGGAGCGGGACGGGGGCGAGTACCTCTGTCGAGCCACCAATTTCATAGGCGTGGC 
CGAGAAGGCC7777GGC7GAGCG77CACGGGCCCCGAGCAGCCGAGGAGGAGC7GG7GGAGGC7GACGAGGCGGGCAG7G 
TGTA7GCAGGCATCCTCAGCTACGGGGTGGGCTTCTTCCTGTTCATCCTGGTGGTGGCGGCTGTGACGCTCTGCCGCCTG 
CGCAGCCCCCCCAAGAAAGGCCTGGGCTCCCCCACCGTGCACAAGATCTCCCGCTTCCCGCTCAAGCGACAGGTGTCCCT 
GGAGTCCAACGCGTCCATGAGCTCCAACACACCACTGGTGCGCATCGCAAGGCTGTCCTCAGGGGAGGGCCCCACGCTGG 
CCAATGTCTCCGAGCTCGAGCTGCCTGCCGACCCCAAATGGGAGCTGTCTCGGGCCCGGCTGACCCTGGGCAAGCCCCTT 
GGGGAGGGCTGCTTCGGCCAGGTGGTCATGGCGGAGGCCATCGGCATTGACAAGGACCGGGCCGCCAAGCCTGTCACCGT 
AGCCGTGAAGATGCTGAAAGACGATGCCACTGACAAGGACCTGTCGGACCTGGTGTCTGAGATGGAGATGATGAAGATGA 
TCGGGAAACACAAAAACATCATCAACCTGCTGGGCGCCTGCACGCAGGGCGGGCCCCTGTACGTGCTGGTGGAGTACGCG 
GCCAAGGGTAACCTGCGGGAGTTTCTGCGGGCGCGGCGGCCCCCGGGCCTGGACTACTCCTTCGACACCTGCAAGCCGCC 

AGTGCA7CCACAGGGACCTGGCTGCCCGCAATGTGCTGGTGACCGAGGACAACGTGATGAAGATCGCAGACTTCGGGCTG 
GCCCGGGACGTGCACAACCTCGACTACTACAAGAAGACAACCAACGGCCGGCTGCCCGTGAAGTGGATGGCGCCTGAGGC 
C77G777GACCGAG7C7ACAC7CACCAGAG7GACG7C7GG7CC777GGGG7CC7GC7C7GGGAGA7C77CACGC7GGGGG 
GC7CCCCG7ACCCCGGCA7CCC7G7GGAGGAGC7C77CAAGC7GC7GAAGGAGGGCCACCGCA7GGACAA.GCCCGCCAAC 
7GCACACACGACC7G7ACA7GA7CA7GCGGGAG7GC7GGCATGCCGCGCCC7CCCAGAGGCCCACC77CAAGCAGC7GG7 
GGAGGACC7GGACCG7G7CC77ACCG7GACG7CCACCGACGAG7ACC7GGACCTG7CGGCGCC77TCGAGCAG7AC7CCC 
CGGG7GGCCAGGACACCCCCAGC7CCAGC7CC7CAGGGGACGAC7CCG7G777GCCCACGACC7GC7GCCCCCGGCCCCA 
CCCAGCAG7GGGGGC7CGCGGACGAGA 
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Figure 2L Mutant 3 

Mutant X309G FGFR3-IIIb: 

ATGGGCGCCCCTGCCTGCGCCCTCGCGCTCTGCGTGGCCGTGGCCATCGTGGCC3GCGCCTCCTCGGAGTCCTTGGGGAC 
GGAGCAGCGCGTCGTGGGGCGAGCGGCAGAAGTCCCGGGCCCAGAGCCCGGCCAGCAGGAGCAGTTGGTCTTCGGCAGCG 
GGGATGCTGTGGAGCTGAGCTGTCCCCCGCCCGGGGGTGGTCCCATGGGGCCCAC7GTCTGGGTCAAGGATGGCACAGGG 
CTGGTGCCCTCGGAGCG7GTCCTGGTGGGGCCCCAGCGGCTGCAGGTGCTG.-ATGCCTCCCACGAGGACTCCGGGGCCTA 
CAGC7GCCGGCAGCGGCTCACGCAGCGCGTACTGTGCCACTTCAGTGT GCGGGTGACAGACGCTCCATCCTCGGGAGATG 
ACGAAGACGGGGAGGACGAGGC7GAGGACACAGG7GTGGACACAGGGGCCCCTTAC7GGACACGGCCCGAGCGGA7GGAC 
AAGAAGCTGCTGGCCGTGCCGGCCGCCAACACCGTCCGCTTCCGCTGCCCAGCCGCTGGCAACCCCACTCCCTCCATCTC 
CTGGCTGAAGAACGGCAGGGAGTTCCGCGGCGAGCACCGCA.TTGGAGGCA7C1AGCTGCGGCATCAGCAGTGGAGCCTGG 
7CA7GGAAAC-CG7GG7GCCC7CGGACCGCGGCAAC7ACACCTGCG7CGTGGAGAACAAG777GGCAGCA7CCGGCAGACG 
7ACACGC7GGACG7GC7GGAGCGC7CCCCGCACCGGCCCATCCTGCAGGCGGGGCTGCCGGCCAACCAGACGGCGG7GC7 
GGGC^GCGACG7GGAG7TCCAC7GCAAGG7G7ACAG7GACGCACAGCCCCACA7CCAG7GGC7CAAGCACGTGGAGG7GA 
ACGGCAGCAAGG7GGGCCCGGACGGCACACCC7ACG77ACCG7GC7CAAG7CG7GGATCAG7GAGAGTGTGGAGGCCGAC 
G7GCGCC7CCGCC7GGCCAA7G7G7CGGAGCGGGACGGGGGCGAG7ACC7C7G7CGAGCCACCAAT77CATAGGCG7GGC 
CGAGAAGGCC777TGGC7GAGCG77CACGGGCCCCGAGCAGCCGAGGAGGAGC7GG7GGAGGC7GACGAGGCGGGCAG7G 
TGTA.TGCAGGCATCC7CAGC7ACGGGGTGGGC77C77CC7GT7C^7CCTGG7GG7GGCGGCTG7GACGC7C7GCCGCCTG 
CGCAGCCCCCCCAAGAAAGGCC7GGGC7CCCCCACCG7GCACAAGA7C7CCCGC77CCCGC7CAAGCGACAGG7G7CCC7 
GGAGTCCAACGCGTCCA7GAGC7CCAACACACCAC7GG7GCGCA7CGCAAGGC7G7CC7CAGGGGAGGGCCCCACGC7GG 
CCAATGTCTCCGAGCTCGAGCTGCCTGCCGACCCCAAATGGGAGCTG7CTCGGGCCCGGCTGACCCTGGGCAAGCCCC7T 
GGGGAGGGC7GC77CGGCCAGG7GG7CA7GGCGGAGGCCA7CGGCATTGACAA.GGACCGGGCCGCCAAGCCTG7CACCG7 
AGCCG7GAAGA7GC7GAAAGACGA7GCCAC7GACAAGGACC7GTCGGACC7GG7G7C7GAGA7GGAGA7GA7GAAGA7GA 
TCGGGAAACACAAAAACATCATCAACCTGCTGGGCGCCTGCACGCAGGGCGGGCCCCTGTACGTGCTGGTGGAGTACGCG 
GCCAAGGG7AACC7GCGGGAGT7TCTGCGGGCGCGGCGGCCCCCGGGCC7GGAC7AC7CC7TCGACACC7GCAAGCCGCC 
CGAGGAGCAGC7CACC77CAAGGACCTGG7G7CC7GTGCCTACCAGGTGGCCCGGGGCATGGAGTACTTGGCCTCCCAGA 
AG7GCATCCACAGGGACCTGGCTGCCCGCAATGTGC7GGTGACCGAGGACA a iCG7GATGAAGATCGCAGACT7CGGGCTG 
GCCCGGGACG7GCACAACCTCGACTACTACAAGAAGACAACCAACGGCCGGC7GCCCGTGAAG7GGATGGCGCCTGAGGC 
C77G777GACCGAG7CTACACTCACCAGAGTGACG7CTGGTCCTTTGGGG7CC7GC7C7GGGAGATC7TCACGCTGGGGG 
GCTCCCCGTACCCCGGCA7CCC7G7GGAGGAGC7C77CAAGCTGC7GAAGGAGGGCCACCGCATGGACAAGCCCGCCAAC 
7GCACACACGACCTGTACATGATCA7GCGGGAGTGC7GGCATGCCGCGCCC7CCCAGAGGCCCACC77CAAGCAGCTGGT 
GGAGGACCTGGACCGTGTCCTTACCGTGACGTCCACCGACGAGTACCTGGACC7C-7CGGCGCCTT7CGAGCAGTACTCCC 
CGGG7GGCCAGGACACCCCCAGC7CCAGC7CC7CAGGGGACGACTCCG7G777GCCCa.CGACC7GC7GCCCCCGGCCCCA 
CCCAGCAG7GGGGGC7CGCGGACGCGA 
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Figure 2M 

Mutant X309L FGFR3-IIIb: 

ATGGGCGCCCCTGCCTGCGCCCTCGCGCTCTGCGTGGCCGTGGCCaiTCGTGGCCGGCGCCTCCTCGGAGTCCTTGGGGAC 
GGAGCAGCGCG7CG7GGGGCGAGCGGCAGAAG7CCCGGGCCCAGAGCCCGGCCAGCAGGAGCAG77GG7C77CGGCAGCG 
GGGATGCTGTGGAGCTGAGCTGTCCCCCGCCCGGGGGTGG7CCCATGGGGCCCACTG7CTGGGTCAAGGATGGCACAGGG 
CTGGTGCCCTCGGAGCGTGTCCTGGTGGGGCCCCAGCGGCTGCAGGTGCTGAATGCCTCCCACGAGGACTCCGGGGCC^A 
CAGCTGCCGGCAGCGGC7CACGCAGCGCGTACTG7GCCAC77CAG7G7GCGGGTGACAGACGC7CCA7CC7CGGGAGA7G 
ACGAAGACGGGGAGGACGAGGCTGAGGACACAGGTGTGGACACAGGGGCCCCTTACTGGACACGGCCCGAGCGGATGGAC 
AAGAAGC7GC7GGCCG7GCCGGCCGCCAACACCGTCCGC77CCGC7GCCCAGCCGC7GGCAACCCCAC7CCC7CCA7C7C 
C7GGC7GAAGAACGGCAGGGAG77CCGCGGCGAGCACCGCA77GGAGGCA7CAAGC7GCGGCA7CAGCAGTGGAGCC7GG 
TCA7GGAAAGCG7GG7GCCC7CGGACCGCGGCAAC7ACACC7GCG7CG7GGAGAACAAG777GGCAGCA7CCGGCAGACG 
TACACGCTGGACGTGCTGGAGCGCTCCCCGCACCGGCCCATCCTGCAGGCGGGGCTGCCGGCCAACCAGACGGCGGTGCT 
GGGCAGCGACGTGGAGTTCCACTGCAAGGTGTACAGTGACGCACAGCCCCACATCCAGTGGCTCAAGCACGTGGAGGTGA 
ACGGCAGCAAGGTGGGCCCGGACGGCACACCCTACGTTACCGTGCTCAAGTCCTGGATCAGTGAGAGTG7GGAGGCCGAC 
G7GCGCC7CCGCC7GGCCAA7G7G7CGGAGCGGGACGGGGGCGAG7ACC7CTG7CGAGCCACCAAT77CA7AGGCG7GGC 
CGAGAAGGCCTTTTGGCTGAGCGTTCACGGGCCCCGAGCAGCCGAGGAGGAGCTGGTGGAGGCTGACGAGGCGGGCAGTG 
TGTATGCAGGCATCCTCAGCTACGGGGTGGGCTTCTTCCTGTTCATCCTGGTGGTGGCGGCTGTGACGCTCTGCCGCCTG 
CGCAGCCCCCCCAAGAAAGGCCTGGGCTCCCCCACCGTGCACAAGATC7CCCGCTTCCCGCTCAAGCGACAGGTGTCCCT 
GGAG7CCAACGCG7CCA7GAGC7CCAACACACCAC7GG7GCGCA7CGCAAGGC7G7CC7CAGGGGAGGGCCCCACGC7GG 
CCAA7G7C7CCGAGCTCGAGC7GCC7GCCGACCCCAAATGGGAGC7GTC7CGGGCCCGGCTGACCC7GGGCAAGCCCC77 
GGGGAGGGCTGCTTCGGCCAGG7GG7CATGGCGGAGGCCATCGGCA77GACAAGGACCGGGCCGCCAAGCCTGTCACCGT 
AGCCG7GAAGA7GCTGAAAGACGA7GCCACTGACAAGGACCTG7CGGACC7GG7G7CTGAGA7GGAGATGATGAAGATGA 
TCGGGAAACACAAAAACA7CA7CAACCTGCTGGGCGCCTGCACGCAGGGCGGGCCCC7GTACGTGCTGGTGGAG7ACGCG 
GCCAAGGG7AACC7GCGGGAGT77CTGCGGGCGCGGCGGCCCCCGGGCCTGGACTAC7CCTTCGACACCTGCAAGCCGCC 
CGAGGAGCAGC7CACCTTCAAGGACCTGGTGTCCTGTGCCTACCAGGTGGCCCGGGGCATGGAGTACTTGGCCTCCCAGA 
AG7GCATCCACAGGGACCTGGC7GCCCGCAATGTGC7GG7GACCGAGGACAACGTGA7GAAGATCGCAGACT7CGGGC7G 
GCCCGGGACG7GCACAACCTCGAC7AC7ACAAGAAGACAACCAACGGCCGGC7GCCCG7GAAGTGGATGGCGCC7GAGGC 
C77G77TGACCGAGTCTACACTCACCAGAG7GACG7CTGGTCCTTTGGGGTCCTGCTCTGGGAGATC7TCACGC7GGGGG 
GC7CCCCGTACCCCGGCATCCC7G7GGAGGAGC7C77CAAGC7GC7GAAGGAGGGCCACCGCA7GGACAAGCCCGCCAAC 
7GCACACACGACC7G7ACA7GATCA7GCGGGAG7GC7GGCA7GCCGCGCCC7CCCAGAGGCCCACCT7CAAGCAGCTGG7 
GGAGGACC7GGACCG7G7CC77ACCG7GACGTCCACCGACGAGTACCTGGACCTG7CGGCGCCTT7CGAGCAGTACTCCC 
CGGG7GGCCAGGACACCCCCAGC7CCAGCTCC7CAGGGGACGAC7CCG7G777GCCCACGACC7GC7GCCCCCGGCCCCA 
CCCAGCAGTGGGGGC7CGCGGACG77A 
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Figure 2N Mutant 1 



Mutant N542K FGFR3-IIIb: 



ATGGGCGCCCCTGCCTGCGCCCTCGCGCTCTGCGTGGCCGTGGCCATCGTGGCCGGCGCCTCCTCGGAGTCCTTGGGGAC 
GGAGCAGCGCGTCGTGGGGCGAGCGGCAGAAGTCCCGGGCCCAGAGCCCGGCCAGCAGGAGCAGTTGGTCTTCGGCAGCG 
GGGATGCTGTGGAGCTGAGCTGTCCCCCGCCCGGGGGTGGTCCCATGGGGCCCACTGTCTGGGTCAAGGATGGCACAGGG 
CTGGTGCCCTCGGAGCGTGTCCTGGTGGGGCCCCAGCGGCTGCAGGTGCTGAATGCCTCCCACGAGGACTCCGGGGCCTA 
CAGCTGCCGGCAGCGGCTCACGCAGCGCGTACTGTGCCACTTCAGTGTGCGGGTGACAGACGCTCCATCCTCGGGAGATG 
ACGAAGACGGGGAGGACGAGGCTGAGGACACAGGTGTGGACACAGGGGCCCCTTACTGGACACGGCCCGAGCGGATGGAC 
AAGAAGCTGCTGGCCGTGCCGGCCGCCAACACCGTCCGCTTCCGCTGCCCAGCCGCTGGCAACCCCACTCCCTCCATCTC 
CTGGCTGAAGAACGGCAGGGAGTTCCGCGGCGAGCACCGCATTGGAGGCATCAAGCTGCGGCATCAGCAGTGGAGCCTGG 
TCATGGAAAGCGTGGTGCCCTCGGACCGCGGCAACTACACCTGCGTCGTGGAGAACAAGTTTGGCAGCATCCGGCAGACG 
TACACGCTGGACGTGCTGGAGCGCTCCCCGCACCGGCCCATCCTGCAGGCGGGGCTGCCGGCCAACCAGACGGCGGTGCT 
GGGCAGCGACGTGGAGTTCCACTGCAAGGTGTACAGTGACGCACAGCCCCACATCCAGTGGCTCAAGCACGTGGAGGTGA 
ACGGCAGCAAGGTGGGCCCGGACGGCACACCCTACGTTACCGTGCTCAAGTCCTGGATCAGTGAGAGTGTGGAGGCCGAC 
GTGCGCCTCCGCCTGGCCAATGTGTCGGAGCGGGACGGGGGCGAGTACCTCTGTCGAGCCACCAATTTCATAGGCGTGGC 
CGAGAAGGCCTTTTGGCTGAGCGTTCACGGGCCCCGAGCAGCCGAGGAGGAGCTGGTGGAGGCTGACGAGGCGGGCAGTG 
TGTATGCAGGCATCCTCAGCTACGGGGTGGGCTTCTTCCTGTTCATCCTGGTGGTGGCGGCTGTGACGCTCTGCCGCCTG 
CGCAGCCCCCCCAAGAAAGGCCTGGGCTCCCCCACCGTGCACAAGATCTCCCGCTTCCCGCTCAAGCGACAGGTGTCCCT 
GGAGTCCAACGCGTCCATGAGCTCCAACACACCACTGGTGCGCATCGCAAGGCTGTCCTCAGGGGAGGGCCCCACGCTGG 
CCAATGTCTCCGAGCTCGAGCTGCCTGCCGACCCCAAATGGGAGCTGTCTCGGGCCCGGCTGACCCTGGGCAAGCCCCTT 
GGGGAGGGCTGCTTCGGCCAGGTGGTCATGGCGGAGGCCATCGGCATTGACAAGGACCGGGCCGCCAAGCCTGTCACCGT 
AGCCGTGAAGATGCTGAAAGACGATGCCACTGACAAGGACCTGTCGGACCTGGTGTCTGAGATGGAGATGATGAAGATGA 
TCGGGAAACACAAAAACATCATCAAACTGCTGGGCGCCTGCACGCAGGGCGGGCCCCTGTACGTGCTGGTGGAGTACGCG 
GCCAAGGGTAACCTGCGGGAGTTTCTGCGGGCGCGGCGGCCCCCGGGCCTGGACTACTCCTTCGACACCTGCAAGCCGCC 
CGAGGAGCAGCTCACCTTCAAGGACCTGGTGTCCTGTGCCTACCAGGTGGCCCGGGGCATGGAGTACTTGGCCTCCCAGA 
AGTGCATCCACAGGGACCTGGCTGCCCGCAATGTGCTGGTGACCGAGGACAACGTGATGAAGATCGCAGACTTCGGGCTG 
GCCCGGGACGTGCACAACCTCGACTACTACAAGAAGACAACCAACGGCCGGCTGCCCGTGAAGTGGATGGCGCCTGAGGC 
CTTGTTTGACCGAGTCTACACTCACCAGAGTGACGTCTGGTCCTTTGGGGTCCTGCTCTGGGAGATCTTCACGCTGGGGG 
GCTCCCCGTACCCCGGCATCCCTGTGGAGGAGCTCTTCAAGCTGCTGAAGGAGGGCCACCGCATGGACAAGCCCGCCAAC 
TGCACACACGACCTGTACATGATCATGCGGGAGTGCTGGCATGCCGCGCCCTCCCAGAGGCCCACCTTCAAGCAGCTGGT 
GGAGGACCTGGACCGTGTCCTTACCGTGACGTCCACCGACGAGTACCTGGACCTGTCGGCGCCTTTCGAGCAGTACTCCC 
CGGGTGGCCAGGACACCCCCAGCTCCAGCTCCTCAGGGGACGACTCCGTGTTTGCCCACGACCTGCTGCCCCCGGCCCCA 
CCCAGCAGTGGGGGCTCGCGGACGTGA 
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Figure 20 Mutant 2 
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Figure 2? Mutant 1 



Mutant G382R FGFR3-IIIb: 



ATGGGCGCCCCTGCCTGCGCCCTCGCGCTCTGCGTGC-CCGTGGCCA7CGTGGCCGGCGCCTCCTCGGAGTCCTTGGGGAC 
GGAGCAGCGCGTCGTGGGGCGAGCGGCAGAAGTCCCGGGCCCAGAGCCCGGCCAGCAGGAGCAGTTGGTCTTCGGCAGCG 
GGGATGCTGTGGAGCTGAGCTGTCCCCCGCCCGGGGGTGGTCCCATGGGGCCCACTGTCTGGGTCAAGGATGGCACAGGG 
CTGGTGCCCTCGGAGCGTGTCCTGGTGGGGCCCCAGCGGCTGCAGG7GCTGAATGCCTCCCACGAGGACTCCGGGGCCTA 
CAGCTGCCGGCAGCGGCTCACGCAGCGCGTACTGTGCCAC7TCAGTGTGCGGGTGACAGACGCTCCATCCTCGGGAGATG 
ACGAAGACGGGGAGGACGAGGCTGAGGACACAGGTGTGGACACAGGGGCCCCTTACTGGACACGGCCCGAGCGGATGGAC 
AAGAAGCTGCTGGCCGTGCCGGCCGCCAACACCGTCCGCTTCCGCTGCCCAGCCGCTGGCAACCCCACTCCCTCC^TCTC 
CTGGCTGAAGAACGGCAGGGAGTTCCGCGGCGAGCACCGCATTGGAGGCATCAAGCTGCGGCATCAGCAGTGGAGCCTGG 
TCATGGAAAGCGTGGTGCCCTCGGACCGCGGCAACTACACCTGCGTCGTGGAGAACAAGTTTGGCAGCATCCGGCAGACG 
TACACGCTGGACGTGCTGGAGCGCTCCCCGCACCGGCCCATCCTGCAGGCGGGGCTGCCGGCCAACCAGACGGCGGTGCT 
GGGCAGCGACGTGGAGTTCCACTGCAAGGTGTACAGTGACGCACAGCCCC^CATCCAGTGGCTCAAGCACGTGGAGGTGA 
ACGGCAGCAAGGTGGGCCCGGACGGCACACCCTACGTTACCGTGCTCAAGTCCTGGATCAGTGAGAGTGTGGAGGCCGAC 
GTGCGCCTCCGCCTGGCCAATGTGTCGGAGCGGGACGGGGGCGAGTACCTCTGTCGAGCCACCAATTTCATAGGCGTGGC 
CGAGAAGGCCTTTTGGCTGAGCGTTCACGGGCCCCGAGCAGCCGAGGAGGAGCTGGTGGAGGCTGACGAGGCGGGCAGTG 
TGTATGCAGGCATCCTCAGCTACAGGGTGGGCTTCTTCCTGTTCATCCTGGTGGTGGCGGCTGTGACGCTCTGCCGCCTG 
CGCAGCCCCCCCAAGAAAGGCCTGGGCTCCCCCACCGTGCACAAGATCTCCCGCTTCCCGCTCAAGCGACAGGTGTCCCT 
GGAGTCCAACGCGTCCATGAGCTCCAACACACCACTGGTGCGCATCGCAAGGCTGTCCTCAGGGGAGGGCCCCACGCTGG 
CCAATGTCTCCGAGCTCGAGCTGCCTGCCGACCCCAAATGGGAGCTGTCTCGGGCCCGGCTGACCCTGGGCAAGCCCCTT 
GGGGAGGGCTGCTTCGGCCAGGTGGTCATGGCGGAGGCCATCGGCATTGACAAGGACCGGGCCGCCAAGCCTGTCACCGT 
AGCCGTGAAGATGCTGAAAGACGATGCCACTGACAAGGACCTGTCGGACCTGGTGTCTGAGATGGAGATGATGAAGATGA 
TCGGGAAACACAAAAACATCATCAACCTGCTGGGCGCCTGCACGCAGGGCGGGCCCCTGTACGTGCTGGTGGAGTACGCG 
GCCAAGGGTAACCTGCGGGAGTTTCTGCGGGCGCGGCGGCCCCCGGGCCTGGACTACTCCTTCGACACCTGCAAGCCGCC 
CGAGGAGCAGCTCACCTTCAAGGACCTGGTGTCCTGTGCCTACCAGGTGGCCCGGGGCATGGAGTACTTGGCCTCCCAGA 
AGTGCATCCACAGGGACCTGGCTGCCCGCAATGTGCTGGTGACCGAGGACAACGTGATGAAGATCGCAGACTTCGGGCTG 
GCCCGGGACGTGCACAACCTCGACTACTACAAGAAGACAACCAACGGCCGGCTGCCCGTGAAGTGGATGGCGCCTGAGGC 
CTTGTTTGACCGAGTCTACACTCACCAGAGTGACGTCTGGTCCTTTGGGGTCCTGCTCTGGGAGATCTTCACGCTGGGGG 
GCTCCCCGTACCCCGGCATCCCTGTGGAGGAGCTCTTCAAGCTGCTGAAGGAGGGCCACCGCATGGACAAGCCCGCCAAC 
TGCACACACGACCTGTACATGATCATGCGGGAGTGCTGGCATGCCGCGCCCTCCCAGAGGCCCACCTTCAAGCAGCTGGT 
GGAGGACCTGGACCGTGTCCTTACCGTGACGTCCACCGACGAGTACCTGGACCTGTCGGCGCCTTTCGAGCAGTACTCCC 
CGGGTGGCCAGGACACCCCCAGCTCCAGCTCCTCAGGGGACGACTCCGTGTTTGCCCACGACCTGCTGCCCCCGGCCCCA 
CCCAGC=lGTGGGGGCTCGCGGACGTGA 
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Figure 2Q Mutant 2 



Mutant: G382R FGFR3-I lib : 



ATGC-GCGCCCC7GCC7GCGCCC7CGCGC7C7GCG7GGCCG7GGCCA7CG7GGCCGGCGCC7CC7CGGAG7CC77GGGGAC 
GGAGCAGCGCGTCGTGGGGCGAGCGGCAGAAGTCCCGGGCCCA.GAGCCCGGCCAGCAGGAGCAGTTGGTCTTCGGCAGCG 
GGGATGCTGTGGAGCTGAGCTGTCCCCCGCCCGGGGGTGGTCCCATGGGGCCCACTGTCTGGGTCAAGGATGGCACAGGG 
C7GG7GCCC7CGGAGCG7G7CC7GG7GGGGCCCCAGCGGCTGCAGG7GC7GAA7GCC7CCCACGAGGACTCCGGGGCC7A 
CAGCTGCCGGCAGCGGCTCACGCAGCGCGTACTGTGCCACTTCAGTGTGCGGGTGACAGACGCTCCATCCTCGGGAGATG 
ACGAAGACGGGGAGGACGAGGCTGAGGACACAGGTGTGGACACAGGGGCCCCTTACTGGACACGGCCCGAGCGGATGGAC 
AAGAAGCTGCTGGCCGTGCCGGCCGCCAACACCGTCCGCTTCCGCTGCCCAGCCGCTGGCAACCCCACTCCCTCCATCTC 
CTGGCTGAAGAACGGCAGGGAGTTCCGCGGCGAGCACCGCATTGGAGGCATCAAGCTGCGGCArCAGCAGTGGAGCCTGG 
7CA7GGAAAGCG7GG7GCCCTCGGACCGCGGCAAC7ACACCTGCG7CG7GGAGAACAAG77TGGCAGCA7CCGGCAGACG 
TACACGCTGGACGTGCTGGAGCGCTCCCCGCACCGGCCCATCCTGCAGGCGGGGCTGCCGGCCAACCAGACGGCGGTGCT 
GGGCAGCGACG7GGAG77CCAC7GCAAGG7G7ACAGTGACGCACAGCCCCACA7CCAG7GGC7CAAGCACG7GGAGG7GA 
ACGGCAGCAAGGTGGGCCCGGACGGCACACCCTACGTTACCGTGCTCAAGTCCTGGATCAGTGAGAGTGTGGAGGCCGAC 
GTGCGCCTCCGCCTGGCCAATGTGTCGGAGCGGGACGGGGGCGAGTACCTCTGTCGAGCCACCAATTTCATAGGCGTGGC 
CGAGAAGGCCTTTTGGCTGAGCGTTCACGGGCCCCGAGCAGCCGAGGAGGAGCTGGTGGAGGCTGACGAGGCGGGCAGTG 
TGTATGCAGGCATCCTCAGCTACCGGGTGGGCTTCTTCCTGTTCA7CCTGGTGGTGGCGGCTGTGACGCTCTGCCGCCTG 
CGCAGCCCCCCCAAGAAAGGCCTGGGCTCCCCCACCGTGCACAAGATCTCCCGCTTCCCGCTCAAGCGACAGGTGTCCCT 
GGAGTCCAACGCGTCCATGAGCTCCAACACACCACTGGTGCGCATCGCAAGGCTGTCCTCAGGGGAGGGCCCCACGCTGG 
CCAATGTCTCCGAGCTCGAGCTGCCTGCCGACCCCAAATGGGAGCTGTCTCGGGCCCGGCTGACCCTGGGCAAGCCCCTT 
GGGGAGGGCTGCTTCGGCCAGGTGGTCATGGCGGAGGCCATCGGCATTGACAAGGACCGGGCCGCCAAGCCTGTCACCGT 
AGCCGTGAAGATGCTGAAAGACGATGCCACTGACAAGGACCTGTCGGACCTGGTGTCTGAGATGGAGATGATGAAGATGA 
TCGGGAAACACAAAAACATCATCAACCTGCTGGGCGCCTGCACGCAGGGCGGGCCCCTGTACGTGCTGGTGGAGTACGCG 
GCCAAGGGTAACCTGCGGGAGTTTCTGCGGGCGCGGCGGCCCCCGGGCCTGGACTACTCCTTCGACACCTGCAAGCCGCC 
CGAGGAGCAGCTCACCTTCAAGGACCTGGTGTCCTGTGCCTACCAGGTGGCCCGGGGCATGGAGTACTTGGCCTCCCAGA 
AGTGCATCCACAGGGACCTGGCTGCCCGCAATGTGCTGGTGACCGAGGACAACGTGATGAAGATCGCAGACTTCGGGCTG 
GCCCGGGACGTGCACAACCTCGACTACTACAAGAAGACAACC2ACGGCCGGCTGCCCGTGAAGTGGATGGCGCCTGAGGC 
CTTGTTTGACCGAGTCTACACTCACCAGAGTGACGTCTGGTCCTT7GGGGTCCTGCTCTGGGAGATCTTCACGCTGGGGG 
GCTCCCCGTACCCCGGCATCCCTGTGGAGGAGCTCTTCAAGCTGCTGAnGGAGGGCCACCGCATGGACAAGCCCGCCAAC 
TGCACACACGACCTGTACATGATCATGCGGGAGTGCTGGCATGCCGCGCCCTCCCAGAGGCCCACCTTCAAGCAGCTGGT 
GGAGGACCTGGACCGTGTCCTTACCGTGACGTCCACCGACGAGTACCTGGACCTGTCGGCGCCTTTCGAGCAGTACTCCC 
CGGGTGGCCAGGACACCCCCAGCTCCAGCTCCTCAGGGGACGACTCCGTGTT7GCCCACGACCTGCTGCCCCCGGCCCCA 
CCCAGCAG7GGGGGC7CGCGGACGTGA 
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Figure 2R 



Mutant G377C FGFR3-IIIb: 



ATGGGCGCCCCTGCCTGCGCCCTCGCGCTCTGCGTGGCCGTGGCCATCGTGGCCGGCGCCTCCTCGGAGTCCTTGGGGAC 
GGAGCAGCGCGTCGTGGGGCGAGCGGCAGAAGTCCCGGGCCCAGAGCCCGGCCAGCAGGAGCAGTTGGTCTTCGGCAGCG 
GGGATGCTGTGGAGCTGAGCTGTCCCCCGCCCGGGGGTGGTCCCATGGGGCCCACTGTCTGGGTCAAGGATGGCACAGGG 
CTGGTGCCCTCGGAGCGTGTCCTGGTGGGGCCCCAGCGGCTGCAGGTGCTGAATGCCTCCCACGAGGACTCCGGGGCCTA 
CAGCTGCCGGCAGCGGCTCACGCAGCGCGTACTGTGCCACTTCAGTGTGCGGGTGACAGACGCTCCATCCTCGGGAGATG 
ACGAAGACGGGGAGGACGAGGCTGAGGACACAGGTGTGGACACAGGGGCCCCTTACTGGACACGGCCCGAGCGGATGGAC 
AAGAAGCTGCTGGCCGTGCCGGCCGCCAACACCGTCCGCTTCCGCTGCCCAGCCGCTGGCAACCCCACTCCCTCCATCTC 
CTGGCTGAAGAACGGCAGGGAGTTCCGCGGCGAGCACCGCATTGGAGGCATCAAGCTGCGGCATCAGCAGTGGAGCCTGG 
TCATGGAAAGCGTGGTGCCCTCGGACCGCGGCAACTACACCTGCGTCGTGGAGAACAAGTTTGGCAGCATCCGGCAGACG 
TACACGCTGGACGTGCTGGAGCGCTCCCCGCACCGGCCCATCCTGCAGGCGGGGCTGCCGGCCAACCAGACGGCGGTGCT 
GGGCAGCGACG7GGAGTTCCACTGCAAGGTGTACAGTGACGCACAGCCCCACATCCAGTGGCTCAAGCACGTGGAGGTGA 
ACGGCAGCAAGGTGGGCCCGGACGGCACACCCTACGTTACCGTGCTCAAGTCCTGGATCAGTGAGAGTGTGGAGGCCGAC 
GTGCGCCTCCGCCTGGCCAATGTGTCGGAGCGGGACGGGGGCGAGTACCTCTGTCGAGCCACCAATTTCATAGGCGTGGC 
CGAGAAGGCCTTTTGGCTGAGCGTTCACGGGCCCCGAGCAGCCGAGGAGGAGCTGGTGGAGGCTGACGAGGCGGGCAGTG 
TGTATGCATGCATCCTCAGCTACGGGGTGGGCTTCTTCCTGTTCATCCTGGTGGTGGCGGCTGTGACGCTCTGCCGCCTG 
CGCAGCCCCCCCAAGAAAGGCCTGGGCTCCCCCACCGTGCACAAGATCTCCCGCTTCCCGCTCAAGCGACAGGTGTCCCT 
GGAGTCCAACGCGTCCATGAGCTCCAACACACCACTGGTGCGCATCGCAAGGCTGTCCTCAGGGGAGGGCCCCACGCTGG 
CCAATGTCTCCGAGCTCGAGCTGCCTGCCGACCCCAAATGGGAGCTGTCTCGGGCCCGGCTGACCCTGGGCAAGCCCCTT 
GGGGAGGGCTGCTTCGGCCAGGTGGTCATGGCGGAGGCCATCGGCATTGACAAGGACCGGGCCGCCAAGCCTGTCACCGT 
AGCCGTGAAGATGCTGAAAGACGATGCCACTGACAAGGACCTGTCGGACCTGGTGTCTGAGATGGAGATGATGAAGATGA 
TCGGGAAACACAAAAACATCATCAACCTGCTGGGCGCCTGCACGCAGGGCGGGCCCCTGTACGTGCTGGTGGAGTACGCG 
GCCAAGGGTAACCTGCGGGAGTTTCTGCGGGCGCGGCGGCCCCCGGGCCTGGACTACTCCTTCGACACCTGCAAGCCGCC 
CGAGGAGCAGCTCACCTTCAAGGACCTGGTGTCCTGTGCCTACCAGGTGGCCCGGGGCATGGAGTACTTGGCCTCCCAGA 
AGTGCATCCACAGGGACCTGGCTGCCCGCAATGTGCTGGTGACCGAGGACAACGTGATGAAGATCGCAGACTTCGGGCTG 
GCCCGGGACGTGCACAACCTCGACTACTACAAGAAGACAACCAACGGCCGGCTGCCCGTGAAGTGGATGGCGCC7GAGGC 
CTTGTTTGACCGAGTCTACACTCACCAGAGTGACGTCTGGTCCTTTGGGGTCCTGCTCTGGGAGATCTTCACGCTGGGGG 
GCTCCCCGTACCCCGGCATCCCTGTGGAGGAGCTCTTCAAGCTGCTGAAGGAGGGCCACCGCATGGACAAGCCCGCCAAC 
TGCACACACGACCTGTACATGATCATGCGGGAGTGCTGGCATGCCGCGCCCTCCCAGAGGCCCACCTTCAAGCAGCTGGT 
GGAGGACCTGGACCGTGTCCTTACCGTGACGTCCACCGACGAGTACCTGGACCTGTCGGCGCCTTTCGAGCAGTACTCCC 
CGGGTGGCCAGGACACCCCCAGCTCCAGCTCCTCAGGGGACGACTCCGTGTTTGCCCACGACCTGCTGCCCCCGGCCCCA 
CCCAGCAGTGGGGGCTCGCGGACGTGA 
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Figure 2S 



Mutant A393E FGFR3-IIIb: 



ATGGGCGCCCCTGCCTGCGCCCTCGCGCTCTGCGTGGCCGTGGCCATCGTGGCCGGCGCCTCCTCGGAGTCCTTGGGGAC 
GGAGCAGCGCGTCGTGGGGCGAGCGGCAGAAGTCCCGGGCCCAGAGCCCGGCCAGCAGGAGCAGTTGGTCTTCGGCAGCG 
GGGATGCTGTGGAGCTGAGCTGTCCCCCGCCCGGGGGTGGTCCCATGGGGCCCACTGTCTGGGTCAAGGATGGCACAGGG 
CTGGTGCCCTCGGAGCGTGTCCTGGTGGGGCCCCAGCGGCTGCAGGTGCTGAATGCCTCCCACGAGGACTCCGGGGCCTA 
CAGCTGCCGGCAGCGGCTCACGCAGCGCGTACTGTGCCACTTCAGTGTGCGGGTGACAGACGCTCCATCCTCGGGAGATG 
ACGAAGACGGGGAGGACGAGGCTGAGGACACAGGTGTGGACACAGGGGCCCCTTACTGGACACGGCCCGAGCGGATGGAC 
AAGAAGCTGCTGGCCGTGCCGGCCGCCAACACCGTCCGCTTCCGCTGCCCAGCCGCTGGCAACCCCACTCCCTCCATCTC 
CTGGCTGAAGAACGGCAGGGAGTTCCGCGGCGAGCACCGCATTGGAGGCATCAAGCTGCGGCATCAGCAGTGGAGCCTGG 
TCATGGAAAGCGTGGTGCCCTCGGACCGCGGCAACTACACCTGCGTCGTGGAGAACAAGTTTGGCAGCATCCGGCAGACG 
TACACGCTGGACGTGCTGGAGCGCTCCCCGCACCGGCCCATCCTGCAGGCGGGGCTGCCGGCCAACCAGACGGCGGTGCT 
GGGCAGCGACGTGGAGTTCCACTGCAAGGTGTACAGTGACGCACAGCCCCACATCCAGTGGCTCAAGCACGTGGAGGTGA 
ACGGCAGCAAGGTGGGCCCGGACGGCACACCCTACGTTACCGTGCTCAAGTCCTGGATCAGTGAGAGTGTGGAGGCCGAC 
GTGCGCCTCCGCCTGGCCAATGTGTCGGAGCGGGACGGGGGCGAGTACCTCTGTCGAGCCACCAATTTCATAGGCGTGGC 
CGAGAAGGCCTTTTGGCTGAGCGTTCACGGGCCCCGAGCAGCCGAGGAGGAGCTGGTGGAGGCTGACGAGGCGGGCAGTG 
TGTATGCAGGCATCCTCAGCTACGGGGTGGGCTTCTTCCTGTTCATCCTGGTGGTGGAGGCTGTGACGCTCTGCCGCCTG 
CGCAGCCCCCCCAAGAAAGGCCTGGGCTCCCCCACCGTGCACAAGATCTCCCGCTTCCCGCTCAAGCGACAGGTGTCCCT 
GGAGTCCAACGCGTCCATGAGCTCCAACACACCACTGGTGCGCATCGCAAGGCTGTCCTCAGGGGAGGGCCCCACGCTGG 
CCAATGTCTCCGAGCTCGAGCTGCCTGCCGACCCCAAATGGGAGCTGTCTCGGGCCCGGCTGACCCTGGGCAAGCCCCTT 
GGGGAGGGCTGCTTCGGCCAGGTGGTCATGGCGGAGGCCATCGGCATTGACAAGGACCGGGCCGCCAAGCCTGTCACCGT 

TCGGGAAACACAAAAACATCATCAACCTGCTGGGCGCCTGCACGCAGGGCGGGCCCCTGTACGTGCTGGTGGAGTACGCG 
GCCAAGGGTAACCTGCGGGAGTTTCTGCGGGCGCGGCGGCCCCCGGGCCTGGACTACTCCTTCGACACCTGCAAGCCGCC 
CGAGGAGCAGCTCACCTTCAAGGACCTGGTGTCCTGTGCCTACCAGGTGGCCCGGGGCATGGAGTACTTGGCCTCCCAGA 
AGTGCATCCACAGGGACCTGGCTGCCCGCAATGTGCTGGTGACCGAGGACAACGTGATGAAGATCGCAGACTTCGGGCTG 
GCCCGGGACGTGCACAACCTCGACTACTACAAGAAGACAACCAACGGCCGGCTGCCCGTGAAGTGGATGGCGCCTGAGGC 
CTTGTTTGACCGAGTCTACACTCACCAGAGTGACGTCTGGTCCTTTGGGGTCCTGCTCTGGGAGATCTTCACGCTGGGGG 
GCTCCCCGTACCCCGGCATCCCTGTGGAGGAGCTCTTCAAGCTGCTGAAGGAGGGCCACCGCATGGACAAGCCCGCCAAC 
TGCACACACGACCTGTACATGATCATGCGGGAGTGCTGGCATGCCGCGCCCTCCCAGAGGCCCACCTTCAAGCAGCTGGT 
GGAGGACCTGGACCGTGTCCTTACCGTGACGTCCACCGACGAGTACCTGGACCTGTCGGCGCCTTTCGAGCAGTACTCCC 
CGGGTGGCCAGGACACCCCCAGCTCCAGCTCCTCAGGGGACGACTCCGTGTTTGCCCACGACCTGCTGCCCCCGGCCCCA 
CCCAGCAGTGGGGGCTCGCGGACGTGA ■- - 
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Figure 2T 



Mutant P250R FGFR3-IIIb: 



ATGGGCGCCCCTGCCTGCGCCCTCGCGCTCTGCGTGGCCGTGGCCATCGTGGCC5GCGCCTCCTCGGAGTCCTTGGGGAC 
GGAGCAGCGCGTCGTGGGGCGAGCGGCAGAAGTCCCGGGCCCAGAGCCCGGCCAGCAGGAGCAGTTGGTCTTCGGCAGCG 
GGGATGCTGTGGAGCTGAGCTGTCCCCCGCCCGGGGGTGGTCCCATGGGGCCCACTGTCTGGGTCAAGGATGGCACAGGG 
CTGGTGCCCTCGGAGCGTGTCCTGGTGGGGCCCCAGCGGCTGCAGGTGCTGAATGCCTCCCACGAGGACTCCGGGGCCTA 
CAGCTGCCGGCAGCGGCTCACGCAGCGCGTACTGTGCCACTTCAGTGTGCGGGTGACAGACGCTCCATCCTCGGGAGATG 
ACGAAGACGGGGAGGACGAGGCTGAGGACACAGGTGTGGACACAGGGGCCCCTTACTGGACACGGCCCGAGCGGATGGAC 
AAGAAGCTGCTGGCCGTGCCGGCCGCCAACACCGTCCGCTTCCGCTGCCCAGCCGCTGGCAACCCCACTCCCTCCATCTC 
C7GGCTGAAGAACGGCAGGGAGTTCCGCGGCGAGCACCGCATTGGAGGCATCAAGCTGCGGCATCAGCAGTGGAGCCTGG 
TCATGGAAAGCGTGGTGCCCTCGGACCGCGGCAACTACACCTGCGTCGTGGAGAACAAGTTTGGCAGCATCCGGCAGACG 
TACACGCTGGACGTGCTGGAGCGCTCCCGGCACCGGCCCATCCTGCAGGCGGGGCTGCCGGCCAACCAGACGGCGGTGCT 
GGGCAGCGACGTGGAGTTCCACTGCAAGGTGTACAGTGACGCACAGCCCCACATCCAGTGGCTCAAGCACGTGGAGGTGA 
ACGGCAGCAAGGTGGGCCCGGACGGCACACCCTACGTTACCGTGCTCAAGTCCTGGATCAGTGAGAGTGTGGAGGCCGAC 
GTGCGCCTCCGCCTGGCCAATGTGTCGGAGCGGGACGGGGGCGAGTACCTCTGTCGAGCCACCAATTTCATAGGCGTGGC 
CGAGAAGGCCTTTTGGCTGAGCGTTCACGGGCCCCGAGCAGCCGAGGAGGAGCTGGTGGAGGCTGACGAGGCGGGCAGTG 
TGTATGCAGGCATCCTCAGCTACGGGGTGGGCTTCTTCCTGTTCATCCTGGTGGTGGCGGCTGTGACGCTCTGCCGCCTG 
CGCAGCCCCCCCAAGAAAGGCCTGGGCTCCCCCACCGTGCACAAGATCTCCCGCTTCCCGCTCAAGCGACAGGTGTCCCT 
GGAGTCCAACGCGTCCATGAGCTCCAACACACCACTGGTGCGCATCGCAAGGCTGTCCTCAGGGGAGGGCCCCACGCTGG 
CCAATGTCTCCGAGCTCGAGCTGCCTGCCGACCCCAAATGGGAGCTGTCTCGGGCCCGGCTGACCCTGGGCAAGCCCCTT 
GGGGAGGGCTGCTTCGGCCAGGTGGTCATGGCGGAGGCCATCGGCATTGACAAGGACCGGGCCGCCAAGCCTGTCACCGT 
AGCCGTGAAGATGCTGAAAGACGATGCCACTGACAAGGACCTGTCGGACC7GGTGTCTGAGATGGAGATGATGAAGATGA 
TCGGGAAACACAAAAACATCATCAACCTGCTGGGCGCCTGCACGCAGGGCGGGCCCCTGTACGTGCTGGTGGAGTACGCG 
GCCAAGGGTAACCTGCGGGAGTTTCTGCGGGCGCGGCGGCCCCCGGGCCTGGACTACTCCTTCGACACCTGCAAGCCGCC 
CGAGGAGCAGCTCACCTTCAAGGACCTGGTGTCCTGTGCCTACCAGGTGGCCCGGGGCATGGAGTACTTGGCCTCCCAGA 
AGTGCATCCACAGGGACCTGGCTGCCCGCAATGTGCTGGTGACCGAGGACAACGTGATGAAGATCGCAGACTTCGGGCTG 
GCCCGGGACGTGCACAACCTCGACTACTACAAGAAGACAACCAACGGCCGGCTGCCCGTGAAGTGGATGGCGCCTGAGGC 
CTTGTTTGACCGAGTCTACACTCACCAGAGTGACGTCTGGTCCTTTGGGGTCCTGCTCTGGGAGATCTTCACGCTGGGGG 
GCTCCCCGTACCCCGGCATCCCTGTGGAGGAGCTCTTCAAGCTGCTGAAGGAGGGCCACCGCATGGACAAGCCCGCCAAC 
TGCACACACGACCTGTACATGATCATGCGGGAGTGCTGGCATGCCGCGCCCTCCCAGAGGCCCACCTTCAAGCAGCTGGT 
GGAGGACCTGGACCGTGTCCTTACCGTGACGTCCACCGACGAGTACCTGGACCTGTCGGCGCCTTTCGAGCAGTACTCCC 
CGGGTGGCCAGGACACCCCCAGCTCCAGCTCCTCAGGGGACGACTCCGTGTTTGCCCACGACCTGCTGCCCCCGGCCCCA 
CCCAGCAGTGGGGGCTCGCGGACGTGA 
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FIGURE 3 
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